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Karl Storz: The revolution, 


in endoscopic sinus 
surgery continues. 


Viewed with a 30° telescope in the right nasal 
cavity, we see mucopurulant drainage from the 
middle meatus into the nasopharynx. Note the 
accessory maxillary ostium in the area of the 


fontanelle. 





ollowing ethmoidectomy and middle 

‘eatal antrostomy, thick mucous is 

‘pirated from the left Maxillary sinus as 
„een through a 30° telescope. 


In the rapidly expanding fied of knowing the precise orientation 
of endoscopic sinus Surgery, na of your instruments. 
influence has been as importam: as Only Karl Storz instruments 
the instrumentation of Karl Stam. are specially modified for the 
From the beginning, Karl Storz aci- Messerklinger technique and make 
litated diagnosis and procedus all other endoscopic sinus surgery 
in the narrow passages of the less traumatic. 
sinuses with specially designe= Most of today’s advanced 
endoscopic instrumentation. sata procedures are made possible by 
Storz continues the revolution the breadth and precision of 
by providing the finest e€ndosespic Karl Storz instruments. No other 
equipment available in the we d. company offers the diagnostic, 
Slender Sinoscopes with documentation, and Operative 
incomparable HOPKINS* rod ns options of Karl Storz. 
optics provide the brightest, d&ar- Whether one is beginning 
est image available — R or experienced in the 
excellent for video and i field of endoscopic sinus 
» Still documentation. Oper- is Si Surgery, the extensive 
ative instrumentation fits aS educational resources 
neatly alongside the tele- 2) of Karl Storz are of tre- 
SCOpe, minimizing trauma mendous benefit. Take 
and bleeding. Together advantage of videotapes, 
they've become the logi- books, sponsored 
Cal extension of the sur- courses, and other 
geon’s hand, responding smaothly materials. And our professional 
in tight sinus passageways. representatives are a resource 
MBERE endoscopy, one 5 unmatched by any other company 
surrounded by very delicate Bssue. in this area. 
Even the Slightest trauma car be Call or write today for detailed 
very significant. Precise oriemhtion information or a demonstration. 
IS mandatory. Join the continuing revolution 
Karl Storz offers the true-=° In endoscopic sinus Surgery with 
Straight forward telescope, afErding the finest instrumentation ever 
the best possible orientation he designed. 
0° telescope gives you the c=mfort “Invention of Professor H.H. Hopkins 
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Karl Storz Endoscopy-America, Inc 
10111 W Jefferson Blvd. 

Culver City, CA 90232-3578 

Toll Free (800) 421-0837 

In CA (800) 252-2008 


Karl Storz ay 

Endoscopia Latino America, Inc. 
Karl Storz GmbH & Co. : 
Mittelstr.8-Postfach 4752 815 N.W 57th Ave., Suite 342 


‘9-7200 Tuttlingen, W Germany Miami, FL 33126 
~ 461) 7080 (305) 262-8980 
\ 762 656 Storz d Telex 5106016506 KARL STORZ rs | r 


49 7461 708153 Telefax 305 262 8986 









An Audiometer That Works 
As Hard As You Do 


Upon power up, the GSI 10 initializes 
to the tone mode for AC or BC testing. 
Test parameters are clearly displayed 
on the upper panel LCD and LED in- 
dicators. Select the test type and the 
appropriate stimuli are automatically 
chosen, with alternatives available. A 
single pushbutton allows selection of 
transducers and flexible routing for 
both channels. 


A Proven Track Record 

The time-tested GSI 10 is the aristocrat 
of microprocessor-based audiometers. 
Its quality, flexibility and comprehensive 
range of test capabilities has earned it 
this reputation. 


Human Engineered For Ease 
Of Operation 

Pushbutton convenience allows the 
rapid selection of test parameters and 
facilitates test execution. Attenuator 
dials and tone bars are right’ at your 
fingertips, giving you complete control. 
COR buttons are located on the front 
panel, within easy reach. Flashing HL 
indicators notify the user when upper 
and lower limits of a transducer have 
been reached. Calibration is maintained 
by computer memory. 


Unparalleled Testing 
Capabilities 


e Masking Level Difference (MLD) 

e Tone and masking intensity tracking 

e Dual Frequency for MLB tests 

e A timer for tone decay testing and 
counter for SISI & speech 

e Speaker/Phone selection for hearing 
aid evaluation 





















































e Auxiliary 
intercom 
for test room 
assistant 

e Auto HL utilizing 
Hughson-Westlake procedure 

© Talk forward/Talkback 
communications 

e External input and output 


Bekesy Option — Adds More 

Capabilities 

e Forward or reverse sweep frequency 

e Frequency range 125 Hz - 12,000 Hz 

e Fixed frequency and tone decay 
Bekesy tracings 

e Tinnitus matching via sweep 
frequency 


Remote Option — As Flexible 
As Your Imagination 

Remote allows bidirectional computer 
interface for data transfer (format and 


Grason-Stadler, Inc. 

537 Great Road 

Littleton, MA 01460-1208 
Grason-Stadler Tel. (617) 486-3514 
TWX: 710/347-6892 


There’s No Substitute 
For The Best 
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storage). Generate your own 
program for patient data management 
or customized audiometric testing — 


programmable frequencies and signal 
onloff times. 


Top Credentials 

For years Grason-Stadler has built in- 
struments with great diagnostic capa- 
bility and unfailing reliability. The GSI 
10 microprocessor-based audiometer 
is our most powerful. 


Don't settle for anything less! 


| Please return this coupon to: 


Grason-Stadler, Inc., Dept. B 
537 Great Road, P.O. Box 1400 
Littleton, MA 01460 


Name: 





Address: 








Telephone: 





C Please send me the GSI 10 brochure. 
O 


Please arrange a demonstration. 
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The Montgomery® 
TRACHEAL CANNULA SYSTEM 
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$ \ T | Insertion of Fracheal Cannula 


US Patent 4,269,184 | | 
A complete system - from incision to long term tracheotomy management 





Long-term 


kisra ASK tracheal cannula 

enestrator PN with ring washer and 
Short-term tracheal speaking valve - an extra- 
cannula with faceplate long cannula is available for 
and plug use in obese patients 
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INTRODUCING 
THE HALL OSTEON 
DAILL SYSTEM. 


Its the perfect drill for 
demanding applications that 
require: 

Maximum power. 

Foot control convenience. 
Precision. 

Forward and reverse 
flexibility. 

Variable speed control. 
Comfort for time- 
consuming procedures. 


The HALL OSTEON DRILL 
SYSTEM. At 20,000 RPM, 
power and balance are 
perfectly in place. 

For more information, 
contact your local ZIMMER 
representative, or HALL 
SURGICAL, PO. Box 899, 
Santa Barbara, California 
93102-0899. 


L Hall Surgical 


| A COMMITM NT TO QUALITY 


INTRODUCING 
PE. £ Se Lb UST VE 


HALL 3YEAR 
WARRANTY 
PROGRAM 


EAER ASO UT oF 


PLEASE VISIT OUR BOOTH #618 AT THE AAO @EETING. 








‘ RESOUND 
Sin L e fi 596 Corporation t 
mer presents the 
CANAL 
RECONTOUR 
PROCEDURE 
and 
INTRACANAL 
HEARING 
DEVICE 
using t 
TECHNOLOGY 
DEVELOPED 
at 
AT&T BELL 
LABORATORIES 
LARYNGOSCOPE aed 
booth at 


The official journal of the AAO 
American Laryngological, Rhinological Island U 


and Otological Society, Inc. 
Oe ll 


... Recognized as a leading medical jour- 1 
nal for clinical and research contributions 
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cine and surgery, facial plastic and recon- 
structive surgery, broncho-esophagology, 


maxillofacial surgery, communicative OTOL ARYNGOLOGY 


disorders, otology and otoneurology. 
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|_| YES! Send mea one-year (12 issues) Surgery 
subscription to the LARYNGOSCOPE. ° 
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| | United States $80 Buffalo, New York 
|_| Foreign $100 
|_| Special Resident/Student Rate ROUANE 
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Name please print — = a 
Street 100 High Street 
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lontophoresis.. . 
It Works! 
In Principle 

and in Practice. 








iontophoresis has Deen reported as a safe, p 
painless and effective method of a 
tympanic membrane anesthesia i. 


for outpatient myringotomy 
and tube insertion n selected 
patients." 


in Principle, It Works. 


In clinical use, iontophoresis 
has been used routinely by 

many Otolaryngolegists and 
Otologists for over 10 years. 
iontophoresis permits you to 
do out-patient surgery, and 

eliminates costly hospitalization 
of cooperative patients. Additionally 
‘ontophoresis eliminates painful 
local injection for adult patients. 


In Practice, It Works. 


The following physicians and institutions are 
representative of those who use and recommend 
iontophoresis. 


COURTESY OF THE EAR FOUNDATION, SANTA BARBARA, CA. 


Larry Bailey, M D. Gregory S. Keller, M.D. 
Surburban Otolaryngology Santa Barbara, CA 

Berwyn, IL Walter J. Ledergerber, M.D. 
Dennis Busby, M.D. South Laguna Beach, CA 
Sansum Medical Clinic Gregory F. O'Brien, M.D. 
Santa Barbara, CA Chagrin Valley Medical Center 


M.C. Culbertson, Jr., M.D., FA.C.S. Chagrin Falls, OH 
Clinical Professor, Otolaryngology Craig Stevens, M.D. 
University of Texas Health Service American Fork, UT 


Dallas, Texas Lyle Stillwater, M.D. 
Antonio De la Cruz, M.D. Lovelace Clinic 
Otologic Medical Group Gallup, NM 


Los Angeles, CA 


Kenneth M. Grundfast, M.D. Jerry Templer, M.D. Cat. #SB-20001 


Divisi f Otolaryngolo i : 
Chairman, Dept. of Otolaryngology Uart of ell? 9y lontophoretic Applicator Kit 
Childrens Hospital National School of Medicine l 
Medical Center Columbia. Missouri Also available through Storz Instrument Co. 
Washington, D.C. l Cat. #S 5500 


AN INVITATION: We invite you to use the MEDCO YES. | would like to use lontophoresis. 


Model “22” lontophoretic Applicator Kit. Please fill i: 
out the coupon to order a complete kit for $575.00, i Hh peep oe one Complete lontophoretic Kit, 
and send to Santa Barbara Medco, Inc., or call us | i 

collect 805/683-1486. Unconditionally guaranteed if Nene . 

















not satisfied in the first 30 days of use. | Steet 
City State Zip 
i 1 year warranty on parts and labor. 
References: | Santa 6483 Calle Real 
1. Echols, D., Norris, and H. Tabb. “Anesthesia of the Ear by lontophoresis of Goleta, CA 93117 
Lidocaine.” Arch. Otolaryngology, 101, 1975, 418-421. i Barbara (800) 34-MEDCO 
2. Comeau, M., and R. Brummett. “Anesthesia of the Human Tympanic i 
Membrane by lontophoresis of a Local Anesthetic.” Laryngoscope, 88, | Medco, Inc. (805) 683-1486 [In Calif] 
1978, 277-285. 


Please see us at the AAO Neeting, Booth #428. 


POLITZERS CALL FOR PAPERS 


HISTORY OF OTOLOGY 


From earliest times to mid-19th century Fourth Annual Scientific Session 


Translated from the German by S. Milstein, MD 
“... a major triumph . . . a unique and valuable OE SOCIETY 


. . . . ” F 
b ...%& k k k *& Highest Ra 
jii ae nie PEDIATRIC OTOLARYNGOLOGY 
Loring W. Pratt, MD, O-HNS 97, #6, 1987 


324 pp. 31 plates, 19 illustrations 
$115 May 18-21, 1989 
O Payment enclosed C MasterCard Hotel Inter-Continental 


L) American Express LI Visa San Diego, California 
O Bill me (plus shipping if outside US.) 


cS eae Soo = Send abstracts of 200 words or less 


by October 31, 1988 to: 
X 


Robin T. Cotton, MD 


President 
Department of Otolaryngology 


Children’s Hospital and Medical Center 
COLUMELLA PRESS Elland & Bethesda Avenues 


PO. BOX 40098 Cincinnati, OH 45229 
PHOENIX, ARIZONA 85067-9946 


HOUSE EAR INSTITUTE 


EE ©. SEES a Ts Ee A a Qe 
TEMPORAL BONE SURGICAL DISSECTION COURSES — 1989 


Intensive One Week Courses (CME 53 hes. 


Hand pieces, burrs and basic equipme 


“Zeta -e 

The course is designed for the practicing otolaryngol Tesident in training, 
ith special emphasis on the common problems encountered ii y pra N 
] f issecttemporakbones e selected telecastsof live 

of temporaħbôâne 


and edited tapes. Evening 


—— - 


m 

ober 22-27, 1989 
i iZel/, . ee i D, 1705 2-17, 1989 
March 12-17, 1989 July 9-14, 1989 J$ 
April 9-14, 1989 October 1-6, 1989 


Physicians $975.00 


Antonio De la Cruz, M.D., Director of Education 
House Ear Institute * 256 South Lake Street, Los Angeles, California 90057 « (213) 483-4431 
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Dizzy Patients 


(Can Be 


Complicated Patients! 


t 


Now there's diagnostic — and 
treatment help. 


Equi Test® is rapidly developing a repu- 
tation with otologists and neuro- 
otologists as one of the most function- 
ally useful tools in vestibular testing. 
AND, Balance Master™ provides a 
balance retraining system to improve 
your patient’s ability to perform 
balanced movements within normal 
limits of stability. 


Given the complexity of the balance 
system, patients with disequilibrium 
are often difficult to diagnose and 
treat. Diagnosis is difficult because 
there is often more than one problem 
and the problems tend to interact. 
Treatment protocols have lacked an 
objective measure of patient progress. 





Equi Test and Balance Maser can help! 


¢ Equi Test evaluates the sensorimotor 
adaptive processes and a rzlyzes the 
individual components. 


¢ Equi Test provides a quartéive, 
functional test of patiens with 
difficult problems. 


¢ Balance Master helps the patient 
perceive and control the r-center of 
mass as it affects balanceand 
movement. 


Balance Master provides documenta- 
tion for an objective, quancifiable 
measure of patient progress. 


Equi Test and Balance Mes-er’s func- 
tional measurements complement 
more focused clinical procedures, 
allowing for more compréhensive 
patient evaluation. This m-egrated 
approach expands your d=snostic 
and treatment alternative. 


Equi Test and Balance Mster are 
designed with the flexibil t to 
execute additional clinica and 
research protocols. 


We are in constant contact with users, 
working with them to expaac clinical 
utility and ease of use. We're evailable 

to consult with you on data imterpreta- 





NEUROCOM 


INTERNATIONAL INC. 


tion, new applications and develop- 
ment of normative and patient data 
bases. 


Support You Can Depend On. 


NeuroCom offers installation, key 
operator training, maintenance 
contracts and onsite service. We also 
support regularly scheduled user train- 
ing seminars and user support group 
meetings. 


‘To learn more about the EquiTest 
System, call NeuroCom today. We'll 
send complete information, add you to 
our mailing list, or arrange a 
demonstration. 


Visit our booths #728 and #730 
at the AAO Convention 
in Washington, DC. 





9570 S.E. Lawnfield Road, Clackamas, OR 97015 © 503-653-2 44 © Telex: 249344 NCI UR e FAX 653-1991 


EquiTest and NeuroCom are registered trademarks and Balance Master =+ trademark af Nairn nm Intarnatinn at 1- 























The University of Michigan 


TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Director: John L. Kemink, MD 


Intensive 5-day courses emphasize surgical 
and anatomical approaches to the temporal 
bone in a manner relevant for the otologic 
surgeon, utilizing lectures, videotapes, and 
temporal bone microdissection. All dissection 
equipment and luncheon provided. 


50 Hours CME Credits 
FEE: $1000; Residents $750 
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For further information, contact: 


John L. Kemink, MD 
Department of Otolaryngology 
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Taubman Medical Center 
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60TH ANNIVERSARY 
CELEBRATION 


The Department of Otolaryngology-Head and Neck 
Surgery at Washington University School of Medi- 
cine will be hosting its 60th Anniversary Celebration 
on September 23-24, 1988. The Department will be 
honored by four prestigious alumni speakers: Dr 
Donald Shumrick, Chairman, Department of Oto- 
laryngology and Maxillofacial Surgery, Cincinnati 
Medical Center; Dr Hugh Biller, Chairman, De- 
partment of Otolaryngology, Mt Sinai Medical Cen- 
ter, New York; Dr Thomas Calcaterra, Professor, 
Division of Head and Neck Surgery, UCLA Medical 
Center; and Dr Harvey M. Tucker, Chairman, De- 
partment of Otolaryngology and Communicative 
Disorders, The Cleveland Clinic. 


All alumni are invited to attend the scientific ses- 
sions on the mornings of Friday, September 23, and 
Saturday, September 24. A social program will be 
included. We are looking forward to this great 
event. 


For further information, contact: 
John M. Fredrickson, MD 
Lindburg Professor and Head 
Department of Otolaryngology-Head and Neck Surgery 
Washington University School of Medicine 
517 South Euclid Avenue 
St Louis, MO 63110 

(314) 362-7552 
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For further information contact: The University of Illinois at Chicago ¢ Conferences and Institutes (m/c 607) 
Box 6998A • Chicago, Illinois 60680 © (312) 996-5225 


Because of deadlines for accommodations, please respond promptly. 
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The Departments of Otolaryngology and Pediatrics 
Children’s Hospital of Pittsburgh present 
The 15th Annual Symposium 


Ear, Nose and Throat Diseases 
in Children: 1988 Update 


Spəcial Highlights: 
Cochlear Implants in Children 

Allergy and AIDS 

With experts in Otolaryngology, Pediatrics, Radiology, 


Peciatric Infectious Diseases, Head and Neck Surgery, 
Allergy and Immunology, and Plastic-Reconstructive Surgery 





University of Pittsburgh Faculty: 
Charles D. Bluestone, M.D. 

Hugh D. Curtin, M.D. 

Philip Fireman, M.D. 

Ivo Janecka, M.D. 

Eugene N. Myers, M.D. 

Robert J. Nozza, Ph.D. 

Jack L. Paradise, M.D. 

Sylvan E. Stool, M.D. 

Ellen R. Wald, M.D. 


Guest Faculty: 
Jerome O. Klein, M.D.; Simon C. Parisier, M.D. 


Tuition: $325 Physicians, $225 Residents 
CME Credits: 16 Hours 


December 7-11, 1988 
Marriott’s Harbor Beach Resort 
Fort Lauderdale, Florida 


For further information, contact: 


(800) 821-5678 


Symedco * Two Research Way « Princeton, NJ 08540 





San Francisco, California 


November 4-5, 1988 


Faculty includes: 


Wilbur James Gould, M.D. 
Robert Thayer Sataloff, M.D., D.M.A. 
Professor Johan Sundberg 


Ingo R. Titze, Ph.D. 


Sponsors: 
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yterian Medical Center & 


San Francisco Conservatory of Music 


This conference is for physicians, speech 
pathologists, singers, voice teachers, and 
other professionals concerned with voice. 


Approved for 14 hours CME Category 1. 


For further information, contact 
Pacific Presbyterian Medical Center 
2360 Clay Street, San Francisco, CA 94115 


(415) 923-3395 /3397. 
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PediOtiC suspension sterile 
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DESCRIPTION: Pediotic suspension (polymyxin B sulfate-neomycin sulfate-hydrocortisone) is a sterile antibacterial and anti-inflammatory 
suspension for otic use Each mi contains. Aerosporin® (polymyxin B sulfate) 10,000 units, neomycin sulfate equivalent to 3.5 mg 
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tions WARNINGS: This product should be used with care in cases of perforated eardrum andin longstanding cases of chronic otitis 
media because of the possibility of ototoxicity. Neomycin sulfate may cause cutaneous sensitization. A precise incidence of hypersensitivity 
reactions (primarily skin rash) due to topical neomycin is not known. When using neomycin-containing products to control sec- 
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are observed. These symptoms regress quickly on withdrawing the medication. Neomycin-containing applications should be avoid- 
ed for the patient thereafter. PRECAUTIONS: As with other antibacterial preparations, prolonged use may result in overgrowth of 
non-susceptible organisms, including fungi. If the infection is not improved after one week, Cultures and susceptibility tests should 
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Neomycin occasionally causes skin sensitization. Ototoxicity and nephrotoxicity have also been reported (see WARNINGS section) 
Adverse reactions have occurred with topical use of antibiotic combinations including neomycin and polymyxin B. Exact incidence 
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STATISTICAL CORRELATIONS AMONG SUPRAGLOTTIC CANCERS 


K. THOMAS ROBBI==, MD 
SAN DIEGO, CALIFGRUIA 
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Histologic findings from 32 specimens were subjected to two separate statistis: analyses. In the first analysis, the presence of cancer on the 
floor of the ventricle was the best predictor of tumor below this level. The cor=-ination of variables with the best correlation was cancer on 


in the infrahyoid epiglottis were the only significant predictors of tumor exte= ing to the preepiglottic space. The results suggest that such 
statistical analyses may provide guidelines for selection of treatment. 


KEY WORDS — conservation surgery, metastatic patterns, statistical —rrelations, supraglottic cancer. 


INTRODUCTION 


It is desirable, though not often possible, for the 
practicing head and neck surgeon to know the limits 
of a supraglottic laryngeal cancer when planning 
the extent of resection. Small tumors confined to 
one site or extending to an adjacent site within the 
supraglottis uswally can be treated with radiation or 
supraglottic laryngectomy.’ Advanced tumors with 
obvious fixation of the underlying laryngeal muscu- 
lature or extension outside the larynx usually re- 
quire total laryngectomy and adjuvant radiothera- 
py.**7 Tumors of intermediate size that are con- 
fined to the supraglottis can be effectively treated 
with voice conservation techniques, providing the 
patient is a suitable candidate.?-8-+° 


The ability of the physician to determine the ex- 
tension of tumor to sites below the level of the su- 
praglottis or to deep structures such as the preepi- 
giottic space is thus a major issue in the selection of 
treatment for supraglottic cancer. Radiographic 
studies are sometimes helpful in delineating the size 
and extension of supraglottic tumors, but are not 
always definitive. In the final analysis, it is the 
direct or indirect visualization of the tumor by the 
endoscopist that usually determines the choice of 
treatment. A major limitation of endoscopy, how- 
ever, is the inability of the surgeon clearly to appre- 
ciate the full extension of the tumor to subsurface or 
hidden sites. Nevertheless, skilled endoscopists can 
often successfully predict involvement of “blind” 
sites in many situations based on visible surface ab- 
nermalities. Such predictions must be based on sub- 
jective impressions from accumulated clinical ex- 
perience about how tumors in visible and invisible 
areas are related. 


e intent of this study was to evaluate mathe- 
ma-<ally such relationships and to measure how 
we the condition of an important but unseen site 
cou be predicted from more easily obtained data. 
To provide the raw data for such an analysis, we 
det=mined the presence or absence of cancer in 
seve-al different endoscopically evaluable regions of 
the æpraglottic larynx. The extent to which the 
core tion of these areas predicts the occurrence of 
camer in another region that is less easy to vis- 
ualSe, but is of critical importance with regard to 
the mature of treatment, was quantified with non- 
parametric correlation coefficients. 


MATERIALS AND METHODS 


F stologic findings from 32 laryngeal specimens 
wee subjected to standard statistical analyses.'':!? 
Whe organ specimens were examined by the 
mett od described by Michaels and Gregor. The 
larymzes were fixed in 10% formaldehyde and 
slice i transversely every 4 mm. Positions of the 
bloe 3 were marked on the photographs so that sub- 
seqesnt reconstruction of three-dimensional struc- 
ture was possible. Sufficient tissue also was taken 
for in paraffin sections, enabling a complete 
stuc~ of the three-dimensional extent of the neo- 
plas. The histologic evaluation allowed thorough 
qua-tification of both the surface topography and 
deep nvasion of these laryngeal neoplasms. 


Fæ each laryngeal specimen, the presence or ab- 
senG of tumor in specific locations was noted: the 
topcsraphic analyses were based on the presence or 
absem2e of invasive carcinoma involving the mu- 
cosa surfaces of the aryepiglottic folds, ventricular 
fold base of epiglottis, arytenoids, and ventricle. 


From the Department of Head and Neck Surgery, M. D. Anderson Hospital and Temor Institute (Robbins), the Department of Otolaryngology-Head 
and Neck Surgery, University of Texas Medical School (Gray), Houston, and the Dese-tment of Pathology, Institute of Laryngology and Otology, Lon- 


don (Michaels). 


Presented at the Research Forum of the American Academy of Otolaryngology-He= and Neck Surgery, Atlanta, October 1985. 
REPRINTS — K. Thomas Robbins, MD, Division of Otolaryngology-Head and Nec Surgery, University of California, San Diego Medical Center, 225 
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CORRELATION 


Deep structural extension was based on the presence 
or absence of carcinoma extending to connective 
tissue or muscle of the aryepiglottic folds, ven- 
tricular folds and ventricle, and preepiglottic space, 
and cartilaginous involvement of the base of the 
epiglottis and the arytenoids. The presence or 
absence of carcinoma involving any structure below 
the level of the supraglottis also was recorded. The 
data were scored with a 1 or a 0 to indicate the 
presence or absence of tumor in these regions. 
Whether these larynges had been irradiated previ- 
ously also was scored with a 1 or a 0. 


Two separate analyses were performed to quanti- 
fy the extent to which the presence or absence of 
cancer in several different regions predicted the oc- 
currence in another region. In each analysis there 
were six structures selected as independent vari- 
ables, or possible predictors of tumor involvement. 
One hidden region of critical importance regarding 
the nature of treatment and extent of resection was 
considered to be the dependent variable. That is, 
we quantified the extent to which tumors in easily 
observable regions could predict tumor in a single 
location that could not be definitively determined 
before surgery. 


Correlations describe the degree to which two 
variables are associated.'? A perfect correlation, 
with a coefficient of 1.0, in this analysis means that 
predicting cancer in a hidden region could be done 
with perfect certainty by looking for cancer in 
another region. A correlation coefficient of 0 means 
there was no association between the presence of 
cancer in one region and the presence in another. 
Laryngeal carcinomas were expected to produce 
correlations between 0 and 1. The higher the cor- 
relation between cancers in two regions, the more 
likely the surgeon would be able to make a predic- 
tion about one region from looking at another. A 
correlation coefficient of 0.75, for example, is rep- 
resentative of the stronger correlations found in this 













Fig 1. Predictors of cancer below ventricular 
floor. Strength of relationships between pres- 
ence or absence of cancer in six different re- 
gions of supraglottic larynx to cancer beneath 
ventricular floor is shown. Higher correla- 
tions, meaning good predictive value, are 
shown by darker regions. Scale beneath dia- 
grams shows how darkness represents coeffi- 
cients between 0 and .7. Correlations for six 
independent variables listed above are shown 
along this scale. Darkness of scale at this point 
is then used in diagrams above. Correlations 
greater than .30 are significant at .05 level. 
AeF — aryepiglottic fold, Atn — arytenoid, 
BI — bilateral involvement, BE — base of ep- 
iglottis, VFo — vestibular fold, VF1 — ves- 
tibular floor. 


study. Such a coefficient would, for example, be 
calculated from 24 specimens if 21 of 24 pairs were 
related. The percentage of variability explained by 
the data is calculated by squaring the correlation 
coefficient. 


Nonparametric correlations were used to analyze 
these data. Such measures are appropriate when the 
numbers derived from the data are seen more as 
ranks than as precise measures. Mathematicians call 
these ordinal rather than interval scales. A score of 
l in these data indicates the presence of tumor and 
means there is more tumor than in regions that were 
scored with a 0, but not by a consistent amount in 
every patient. Additionally, in some analyses these 
scores were added to indicate the amount of cancer 
in several regions. A score of 3 in this analysis in- 
dicates tumor in three regions and probably is ap- 
propriately ranked greater than 2 and less than 4, 
but from specimen to specimen the difference be- 
tween 3 and 4 probably is not the same as the dif- 
ference from 2 to 3. Kendall’s tau'™'? was used as 
the coefficient of correlation because there were 
many equal scores. 


RESULTS 


Involvement of the structures below the level of 
the ventricular floor was predicted from involve- 
ment at the base of the epiglottis, aryepiglottic 
folds, vestibular folds, floor of the ventricle, and 
arytenoids, and from the presence of bilateral su- 
praglottic disease. There was little difference be- 
tween the irradiated and nonirradiated groups, and 
so a pooled analysis is presented (n= 32). As ex- 
pected, the presence or absence of cancer on the 
floor of the ventricle was the best predictor of tumor 
below this level (r=.72, p<.01). Involvement of 
the ventricular fold also had a significant associa- 
tion with tumor extension below the supraglottis 
(r= .46, p= .012). The best combination of varia- 
bles included cancer on the floor of the ventricle 


- 
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Fig 2. Predictors of cancer in pre- 
eviglottic space. Strength of rela- 
tsonships between presence or ab- 
sence of cancer im six different re- 
gz ons of supraglottic larynx to can- 
cer in preepiglottic space is shown. 
As in Fig 1, higher correlations are 
saown by darker regions, and indi- 
v dual correlations are shown along 
seale at bottom. Correlations great- 
e7 than .43 are significant at .05 
level. AEF — aryepiglottic fold, 
IZa — superficial infrahyoid epi- 
gottis, VFb — deep vestibular 
feld, AFa — superficial aryepiglot- 
tic fold, VFa — superficial vestibu- 
ler fold, IEb — deep infrahyoid ep- 
iglottis, AFb — deep arvyepiglottic 
feld. 
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VENTRICULAR FOLDS: 
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and in the vestibular folds. Arytenoid and ary- 
epiglottic fold involvement clearly had no asso- 
ciation with occurrence of tumor below the level of 
the ventricular floor. Figure 1 shows the extent to 
which six different regions in the supraglottic larynx 
predict cancer below the ventricular floor. 


In a similar but separate analysis of data from 
these histologic specimens, involvement of the pre- 
epiglottic space was predicted from the presence or 
absence of tumor in the mucosa and underlying 
connective tissue of the aryepiglottic folds, infrahy- 
oid epiglottis, and ventricular folds. Comparison of 
irradiated and nonirradiated larynges showed dif- 
ferent patterns among the variables. Therefore, we 
will present analyses only on the 16 nonirradiated 
specimens. Involvement of deep structures in the 
aryepiglottic folds (r= .65) and the infrahyoid epi- 
glottis (r = .52) were the only two statistically signif- 
icant predictors (p< .05) of preepiglottic space in- 
velvement. A combination of variables including 
the two deep structures mentioned above and su- 
perficial involvement of a false vocal cord was a 
much better predictor (r = .768, p< .001) than any 
single variable alone. Figure 2 shows the extent to 
which these six single variables predict cancer in the 
preepiglottic space. 


DISCUSSION 


The use of statistical analyses to evaluate patterns 
of spread for laryngeal cancer is, to our knowledge, 
a novel approach. Although previous studies have 
shown specific associations among various struc- 
tures within the larynx, quantitative analysis is 
lacking. The data from this study showed signifi- 
cent correlations that support the recognized pat- 
terns of spread for supraglottic carcinoma. Since 


CORRELATION 


clinical and radiographic evaluation does not pro- 
vid complete information about the boundaries of 
the tumor in its three dimensions, the examiner 
must rely on probabilities based on the known in- 
vol-ement to estimate the unknown. The deter- 
mir ation of tumor extension to the level of the glot- 
tis or below has important implications for the 
selection of therapy. For small (T1 or T2) supraglot- 
tic cancers, extension usually can be determined 
corsistently by clinical evaluation. However, for 
large supraglottic tumors the experience of the ex- 
am mer becomes an important factor in evaluating 
extension. Our mathematic analysis indicated a 
higa probability of cancer extension below the level 
of the supraglottic larynx when there was tumor in- 
vol~ing the vestibular fold and floor of the ventri- 
cle. In this situation, the lymphatic divide at the in- 
ferbr border of the vestibular fold did not appear to 
be = reliable boundary to the spread of cancer. The 
head and neck surgeon should exercise extreme cau- 
tior in choosing to perform a supraglottic laryngec- 
ton-y for tumors that encompass the vestibular fold 
anc ventricle, particularly if there is disease in- 
vol~ement of the ventricular floor with encroach- 
ment upon the glottis. On the other hand, the sta- 
tistmal correlation of tumor involving the ary- 
epiglottic fold and infrahyoid epiglottis with glottic 
extension was sufficiently low to support the con- 
cep of Pressman et al'* of a lymphatic barrier be- 
tween the supraglottis and glottis. 


The results were analyzed based on the presence 
or absence of cancer below the supraglottis. In most 
instances this represented the vocal fold, including 
mueosa, submucosa, vocalis muscle, and paraglot- 
tic space. In a few instances, carcinoma was noted 
in the mucosa of the posterior commissure, pos- 
terior cricoid cartilage, and interarytenoid mus- 
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culature. Supraglottic cancers that involve the par- 
aglottic space are more likely to extend outside the 
larynx or involve the thyroid cartilage and represent 
a biologically more aggressive tumor. However, the 
clinical problem being addressed by this study was 
to determine which tumors involved structures 
below the inferior margin of resection necessary to 
perform a supraglottic laryngectomy. Such an ex- 
tension of tumor, whether across the ventricle or 
behind the ventricle, would negate this procedure. 
Therefore, we did not differentiate between these 
patterns of extension, since the clinical decision not 
to perform a supraglottic laryngectomy would be 
the same for either. 


In the second analysis, we attempted to predict 
extension of the tumor into the preepiglottic space 
based on involvement of structures more visible to 
the endoscopist. The presence of disease in the 
preepiglottic space may preclude successful control 
with primary radiotherapy, and thus it represents 
an important factor in deciding treatment. The best 
single correlate with preepiglottic space disease was 
involvement of the deep structures of the aryepi- 
glottic fold. The combination of factors that cor- 


related best was tumor involvement of the aryepi- 
glottic fold, base of the epiglottis, and false vocal 
cords. Previous reports have emphasized involve- 
ment of the infrahyoid epiglottis as an indicator for 
tumor extension to the preepiglottic space.'* Our 
data also point to the importance of the tumor infil- 
trating the connective tissue and musculature of the 
aryepiglottic fold. Clinically, such involvement cor- 
relates with fullness and fixation of the aryepiglottic 
fold. Such abnormalities should alert the examiner 
to the probability that cancer has extended anteri- 
orly into the preepiglottic space. 


Although the observations made in this study 
were based on a limited number of specimens, we 
were able to determine statistically significant rela- 
tionships that confirmed previous subjective obser- 
vations about the patterns of spread for supraglottic 
cancer. It is our impression that a mathematic anal- 
ysis to address clinically important relationships of 
cancer involving structures within the larynx is feas- 
ible. Its use may be valuable in the study of tumor 
biology, particularly when, as with supraglottic 
cancer, the selection of treatment is tied so closely to 
the observations. 
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INTEGRATION OF TITANIUM IMPLANTS IN IRRADIATED BONE 
HISTOLOGIC AND CLINICAL STUDY 
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Nine patients who had undergone combined surgical and radiologic tr-a ment for malignant tumors had skin-penetrating titanium 
implants inserted in the bone tissue in the treated region at various time inter~as after irradiation. The absorbed dose to the implant region 
varied between 25 and 86 Gy normalized to five fractions of 2.0 Gy/wk, acco-ding to the cumulative radiation effect formula. The time in- 
terval between irradiation and fixture insertion varied from 9 months to 37 y- a-s. Of the 35 fixtures installed, only five were lost because of 
lack of osseointegration. The follow-up time from implant insertion rangec f-om 15 to 44 months. 


KEY WORDS — osseointegration, prosthetic reconstruction, radiatior, -itanium implant. 


INTRODUCTION 


A combination of radiotherapy and surgery is the 
treatment of choice for malignant tumors of the 
maxillofacial region' and the ear.? In order to 
achieve a radical resection of the tumor, the surgeon 
often is forced to use operative techniques that leave 
zhe patient with large soft tissue and skeletal de- 
ects. After curative treatment, the need for recon- 
struction of the operative defect arises. This often is 
done with various prostheses. Important aspects in 
this context are good retention of the prosthesis, ac- 
cessibility for inspection for recurrence of the malig- 
nant tumor, and cosmetic acceptability. 


A method for bone anchorage of facial prostheses 
nas been developed** in which the prostheses are 
fastened with clips to titanium fixtures implanted 
and integrated in the bone tissue. Since 1979, 61 pa- 
tients have had fixtures installed in the maxillotem- 
poral area at the University of Göteborg, Sweden. 
Of these patients, nine had undergone irradiation 
treatment prior to fixture installation. The present 
study concerns these nine patients. The aim of this 
paper is to present the results of the bone anchorage 
of facial prostheses with special reference to the ca- 
pacity for integration of the implants in irradiated 
bone tissue, which is known to have a reduced heal- 
ing capacity.° 


MATERIALS AND METHODS 


Patients, Diagnosis, Irradiation, and Surgery. We 
studied nine patients (five males and four females) 
who were between 4 and 72 years old at the time of 
irradiation (Tables 1 and 2). The radiation qualities 
used were 170-kV x-rays, electrons of energy 14 to 


20 MeV, and cobalt 60 irradiation. The absorbed 
doss in Gy, with a relative biologic effectiveness 
co-rection of 1.18 applied for conventional radia- 
tian are given in Table 2. Various fractionation 
sct edules have been used. Therefore the cumulative 
radiation effect model‘ with correction was used to 
ca.cilate the equivalent dose with the conventional 
frac-ionation 5 x 2.0 Gy/wk (Table 2). The absorbed 
dose varied between 25 and 86 Gy. In one patient 
we lack information about the absorbed dose. The 
abscrbed doses are to be considered as estimates, as 
nc cose verification was made in the implant areas 
that were located in the periphery of the irradiation 
fidc. The time span between irradiation and inser- 
ticn of the titanium fixture ranged from 9 months to 
37 years. 


dasertion of Titanium Fixtures and Abutment 
Procedure. Preoperatively, the head and neck sur- 
geo1, the prosthodontist, and the prosthodontic 
te=! nician conferred to determine the best site and 
the best direction of the retention elements. For pa- 
tients treated with evisceration and/or maxillecto- 
m. the fixtures were installed in the supraorbital 
margin. Patients who had undergone ablation of 
the ear had the fixtures inserted in the temporal 
bcme. A surgical technique to ensure minimal tissue 
trauma was used as described by Lindström et al.’ 
Tae technique prohibits the use of cautery. The 
nember of implants varied according to the de- 
mands of the host site, but in most cases three to five 
fit 1res were used. 


The bone surface was exposed, and a 1.8-mm (di- 
ameter) bur supplied with a protecting shield re- 
st-i2ting penetration to 4 mm was used. A spiral 


From the Ear, Nose and Throat Clinic (Jacobsson, Tjellstroém) and the Departm n of Oncology (Turesson), Sahlgren’s Hospital, and the Laboratory of 
Experimental Biology, Department of Anatomy and Handicap Research (Jacot=scn, Tjellstrém, Thomsen, Albrektsson), University of Géteborg, and 
the Institute for Applied Biotechnology (Thomsen, Albrektsson), Göteborg, Sweden. Supported by Swedish Medical Research Council grant B87-17X- 


07945-01. 


REPRINTS — Magnus Jacobsson, MD, PhD, ENT Dept, Sahlgren’s Hospital, S413 45 Göteborg, Sweden. 


338 Jacobsson et al, Integration of Titanium Implants 


TABLE 1. OVERVIEW OF PATIENT GROUP 
WITH RESPECT TO SURGERY 


No. of 
Diagnosis Patients Operation 
Malignant tumor of 7 Maxillectomy and evis- 
maxilla or orbit ceration (n=5); evis- 
ceration only (n = 2) 
Malignant tumor of ex- 2 Resection of external ear 


and external acoustic 
meatus 


ternal ear and exter- 
nal acoustic meatus 


drill with a countersink was then introduced, and 
special care was taken to obtain the correct direc- 
tion of the implant defect, ie, the hole created by 
the bur. Then the hole was gently threaded with a 
titanium tap. Thereafter a titanium implant (di- 
ameter 3.75 mm, length 3 to 4 mm) with a flange 
was inserted, and an internal cover screw was put 
in place to protect the inner fixture threads. Drill- 
ing was performed under generous saline irrigation 
to prevent heat trauma to the bone tissue.* Then the 
periosteum was sutured over the implant and the 
skin was closed. A minimum of 9 months was al- 
lowed before the second stage was performed. At 
this time subcutaneous tissue reduction was per- 
formed, a hole was punched over each implant 
through the skin, and a skin-penetrating abutment, 
usually of 4, mm diameter and 4 mm length, was 
applied and kept in place by an internal screw. Dur- 
ing the immediate postoperative period a gauze pad 
soaked in antibiotic ointment was twisted around 
each abutment. Three to four weeks after the sec- 
ond stage the prosthodontists and the technicians 
started their work on the prosthesis. The aim of this 
effort was to supply thé patient with a stable facial 
prosthesis.’ 


Histologic Procedures. In conjunction with fix- 
ture removal due to nonintegration in bone tissue, 
the skin and underlying subcutaneous tissue im- 


mediately surrounding the titanium abutment were 
excised and fixed by immersion in 2.5% glutaralde- 
hyde in 0.1 M sodium cacodylate at pH 7.4, dehy- 
drated in a graded series of ethanol, and embedded 
in Sorwall (LAMDA, Sweden) or epoxy resin (Agar 
Resin 100, Agar Aids, Stansted, Essex, England). 
Sections were cut using an LKB ultratome and 
stained with 0.5% azure II and 0.5% methylene 
blue in 1% disodium tetraborate or van Gieson’s 
solution of trinitrophenol and acid fuchsin before 
light microscopic examination. 


In three cases implants that were not clinically 
loose could be examined. In one case a superfluous 
implant was removed in spite of being stable in the 
bone, and in two other cases postmortem specimens 
were obtained. In these specimens the implant and 
surrounding soft and hard tissue were removed en 
bloc. The soft tissues were handled as described 
above while the bone, without previous decalcifica- 
tion or separation from the implant, was embedded 
together with the fixture in acrylic resin. The tissue 
then was cut with an Exact sawing machine, 
ground in Struer’s grinding equipment, and stained 
in 1% toluidine blue in a 1% borax solution mixed 
4:1 with a 1% pyronin G solution in order to 
demonstrate histologically the intact bone-to-im- 
plant interface. *° 


RESULTS 


A total of 35 fixtures were inserted. Twenty-nine 
of the fixtures were stable in the bone after an aver- 
age follow-up time of 25 months. There have been 
no signs of adverse tissue reactions in these patients. 
Six fixtures were removed for various reasons. In 
patient 7, one fixture was removed 5 months after 
insertion because of instability. This patient had 
been irradiated with a dose equivalent to 60 Gy for 


TABLE 2. OVERVIEW OF PATIENT GROUP WITH RESPECT TO RADIATION 


Dose 
Equivalent Follow-Up 
Total to 5 x 2.0 Interval, No. Implants Time of 
Patient Sex Radiation Dose Gy/wk Radiation Quality Rad to Op Implants Removed Implant (mo) 

l F ? ? P 32 yr 4 2 15 

2 F 26.6 a =7, 40 Gy 175 kV, 0.5 mm Cu 37 yr 3 0 21 
T=35 

3 F 32.0 Gy, n= 13, 32 Gy e`, 20 MeV 16 yr 5 0 33 
T=17 

4 F 53.1 Gy, n= 30, 50 Gy Photons, 5 MV ll yr 4 l 44 
T=43 

9 M 25.0 Gy, n=5, 46 Gy Photons, 5 MV 9 mo 4 2 19 
T=5 

6 M 39.6 Gy, n= 12, 64 Gy Photons, 5 MV 7 yr 4 0 17 
T=18 

7 M 44.0 Gy, n=11, 60 Gy Photons, 5 MV 10 yr 3 l 19 
T=35 

8 M < 32.0 Gy, n= 27, 25 Gy e`, 10 MeV l yr 4 0 38 
T=63 

9 M 72.8 Gy, n = 27, 86 Gy e, 14 MeV, 17 MeV 2 yr 4 0 20 
T=75 


Rad — radiation, Op — operation, n — number of fractions, T — overall treatment time in days, e` — negative electrons, mm Cu — copper filter 0.5 


mm in thickness, MeV — mega electron volts. 
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Fw 1. Patient with A) skin-pene- 
trating abutments and connecting 
ber in superior orbital rim and B) 
wth prosthesis in place connected 
to bar, covering operative defect 
afer evisceration and maxillec- 
tony. 


a maxillary cancer 10 years before fixture installa- 
tien. Patient 5, irradiated with 46 Gy, had to have 
two fixtures extracted because of nonintegration. 
The interval between irradiation and fixture instal- 
lation in this case was 9 months. Patient 1 had two 
fixtures removed 7 months after installation because 
of insufficient osseointegration. Patient 4 had one 
implant removed because the space between fix- 
tures proved to be too small for adequate prosthesis 
recention. The number of patients is too small to try 
to establish a relationship between failure of osseo- 
integration and irradiation dose or the time span 
between the irradiation trauma and the fixture in- 
stallation. In addition, three implants were re- 
ceived from postmortem specimens. In these cases, 
the implants had remained clinically stable. 


No macroscopic signs of infection were observed 
in the bone tissue adjacent to any of the titanium 
fixtures. Thus, no implants had to be removed for 
reasons of soft tissue infection or osteomyelitis (Fig 
1). 


Light microscopy of the skin surrounding the ti- 
tanium abutment showed that an intact epidermis 
as well as underlying connective tissue were in close 
contact with the titanium surface (Fig 2A). The tis- 
sue adjacent to the abutment (Fig 2B) consisted of 
moderately vascularized connective tissue with fi- 
broblasts and scattered mononuclear cells. A gener- 
al impression was that the connective tissue proper 
became more dense and more orderly in arrange- 
ment in the deep part of the tissue surrounding the 
abutments. Distant from the interfacial tissue, focal 
subepidermal collections of mainly mononuclear 
cells were detected (Fig 2C). These cells were pres- 
en% around vessels and were not detected in the 
deeper part of the dermis. 


Inspection of the loose titanium implants re- 
vealed a fibrous tissue coat around them. There 
were no signs of inflammation in the surrounding 
soft tissue coat, which always separated the metal 
frcm the bone. In contrast, those implants that 
were clinically stable were always surrounded by 
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bone -issue in direct contact with the titanium ox- 
ide. There was no interposed soft tissue in these 
cases, nor were there any signs of an inflammatory 
reaction in the marrow space. Haversian systems 
were seen in the threads. Bone tissue was in direct 
contaet with the implant on upper as well as on 
lower thread surfaces and all around the circumfer- 
ence af the implant (Fig 2D). 


DISCUSSION 


The present results demonstrate the ability of ir- 
radiated bone tissue to integrate titanium fixtures, 
even after high dose levels. Compared to the results 
of otter investigations in which directly bone-an- 
chored, osseointegrated titanium fixtures were stud- 
ied, “ the bone healing is sofnewhat reduced in the 
case af previous irradiation. It is interesting to note 
thatim the one patient who lost two implants because 
of detective osseointegration, the interval between 
irradiation (46 Gy) and fixture installation was a 
mere J months. The importance of a long interval 
between the irradiation trauma and reconstructive 
bone surgery for good healing results has been sug- 
gestec recently in experimental work by Jacobsson.° 
Tha: study demonstrated an improvement in the 
bone healing capacity by a factor of almost 2.5 over 
a 12-month period following a single dose of 15 Gy 
in rabbits. The mechanisms behind the retardation 
in bone healing directly after irradiation are not 
known. Damage to the osteoprogenitor cells has 
beer proposed as a plausible explanation by some 
authors,'''? whereas others’? have thought a reduced 
neovascularization to be an important factor. Recov- 
ery of bone healing capacity over a longer period of 
time can be explained by impairment of cell repro- 
ducticn that lasts over several cell regenerations. ' 
This impairment could be partially compensated 
for by a longer resting period following the irradia- 
tive trauma.° King et al'* demonstrated an initial 
decreese in the size of the microvasculature directly 
after irradiation. A partial recovery took place be- 


tween 3 and 6 months after irradiation. ~~~” “=e, 


This study shows that titanium implants may be- ` 
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come integrated in bone tissue and that titanium 
abutments may penetrate the skin in patients who 
have undergone previous radiotherapy at high dose 
levels. However, the number of patients is too small 
to try to establish a relationship between dosage and 


Fig 2. Light photomicrographs 
(A-C) from postmortem specimen 
from patient 6 who had received 
dose of 64 Gy 7 years before im- 
plantation. A) Soft tissue adjacent 
to removed titanium abutment, 
showing intact, keratinized epi- 
dermal layer. B) Connective tissue 
proper immediately adjacent to 
titanium abutment. Soft tissue 
consists of rather dense collagen, 
fibroblasts, and scattered mono- 
nuclear cells. C) Foci of peri- 
vascularly located mononuclear 
cells in subepidermal area at some 
distance from interface. D) Post- 
mortem specimen from patient 9, 
who had received 86 Gy 2 years 
before implant surgery. Implants 
had been inserted for 20 months. 
Bone is in direct contact with 
titanium implant. 


osseointegration of titanium fixtures. In the samples 
investigated with histology of intact tissue-to-metal 
specimens, it was demonstrated that a direct bone 
contact was achieved without any interposed soft 
tissue coats. 
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FOLLOW-UP STUDY OF RECURRENT PAROTITIS IN CHILDREN 
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Recurrent parotitis in children is a well-described but rare condition of anknown cause. In this follow-up investigation the long-term 
ceurse of the disease was studied both clinically and radiographically. In 23 ef 25 patients investigated, the clinical symptoms disappeared 
before the patients were 22 years of age, independent of a given therapy. However, sialographic changes, mostly in the form of sialectasis, 
were seen on follow-up in the majority of cases, in spite of the fact that the patients were clinically symptom free. 


KEY WORDS — recurrent parotitis, sialectasis, sialography. 


Recurrent parotitis in children is a well-described 
but rare condition." The cause is unknown. Pa- 
tients have multiple episodes of swelling of one or 
both parotid glands, sometimes in combination 
with pain and fever. Mucopurulent saliva may be 
pressed from the parotid duct, and many times the 
rate of secretion is reduced.’ The age of onset has 
been reported to range from 8 months to 16 years.° 
Sialography reveals sialectasis in most cases,? 46:8-10 
sometimes in combination with ductal changes.'’ 
Normal sialograms also have been found in some 
cnildren with symptoms of recurrent parotitis. "6° 
The sialectatic changes often are found bilaterally 
even if the symptoms are unilateral.?:*"' 


Many different kinds of treatment have been pro- 
posed for the disease.'? However, it generally is 
azreed that the treatment of children should be con- 
servative as far as possible, since the disease usually 
disappears spontaneously at about puberty.'? There 
are only a few documented follow-up studies,? 481° 
and only two of these include sialography.*'° Thus, 
we found it interesting to study further the long- 
term course of the disease both clinically and radio- 
graphically. 


MATERIAL AND METHODS 


Clinical Data. We reviewed all parotid sialo- 
grams of children from the files of the Departments 
ot Diagnostic Radiology at Sahlgren’s Hospital and 
the Pediatric Hospital, Göteborg, that showed 
skalectasis and/or ductal changes between 1959 and 
1382. The criteria for inclusion in our follow-up 
study were that the patient was at least 15 years old 
at the follow-up examination and that the primary 
stalography had been performed at least 3 years 
earlier. Thirty-one patients were found to fulfill the 
above criteria. The patients were between 2.5 and 
15 years of age at the primary radiographic ex- 
amination and between 15 and 38 years of age in 


the follow-up situation. Twenty patients (15 male 
anc tive female) were interviewed and clinically ex- 
am ned. The remaining 11 patients had moved out 
of own and were not present for reexamination; 
however, five of them could be reached for a tele- 
phe ne interview. Thus, the total number of patients 
from whom it was possible to receive follow-up in- 
for mation was 25 (18 male and seven female). Med- 
ica records were available for most of these pa- 
tier ts. 


Fadiographic Examination. Complete sialo- 
graphic examination was performed in 16 of the 20 
reezamined patients. Two patients refused sialogra- 
phy, and in two other patients total parotidectomy 
hac been performed. One of these patients had a 
smil! portion of the parotid gland left, which could 
be 2xamined by sialography. The other one had no 
parenchyma left, as was verified by scintigraphy. 
All sialographic examinations were done with a 
wa er-soluble contrast medium and recorded with 
both lateral and frontal projections. In the follow- 
up study, radiographs also were taken during the 
em dtying phase. 


RESULTS 


Clinical Findings. In most cases the symptoms 
stasted before the patients were 6 years of age. 
Figire 1 shows their ages at the first attack. About 
hal ef the patients claimed that they had one to five 
exacerbations every year. However, the frequency 
of attacks in some cases could be considerably 
higner during the course of the disease. The symp- 
toms were unilateral in 18 patients (left side nine, 
righ t side nine) and bilateral in seven patients. Most 
of the patients received antibiotics orally as the only 
the-apy for exacerbations. Dilatation of the orifice 
of Stensen’s duct was performed in at least five pa- 
tierts on one or more occasions. Three patients had 
hac their ducts ligated at 4, 8, and 10 years of age, 
respectively, and all three became symptom free 
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PATIENT SEX No 


5 10 15 20 25 30 
AGE (YEARS) 


after this procedure. Another three patients under- 
went parotidectomy ať 5, 7, and 11 years of age, 
respectively, with good results. No facial paralysis 
or weakness resulted from this procedure. These pa- 
tients did not have any further exacerbations, but 
two of them reported some problems with sweating 
while eating. No patient in our study had received 
radiotherapy. 


Only two patients had exacerbations during the 
last 3 years prior to the follow-up study. Even these 
two male patients, 20 and 19 years of age, had 
noticed fewer problems during recent years. The re- 
maining 23 patients were considered cured. Seven- 
teen of these were not treated surgically, and the 
mean duration of the disease was 6.5 years (range, 1 
to 13 years). Figure 1 also shows the age of the pa- 
tients at the last exacerbation. Although none were 
known to have any underlying systemic disease like 
Sjogren’s syndrome, cystic fibrosis, or rheumatoid 
arthritis, as many as eight of the 25 patients re- 
ported dry or red eyes and/or dry mouth. The pa- 
rotid glands were found to be normal on palpation 
in all 20 clinically reexamined patients, except for a 
minor resistance in the parotid tail in a 15-year-old 
girl. The first drops of the parotid secretion were 
observed when the parotid gland was palpated, and 
in a few cases a mucopurulent secretion could be 
seen. At least four of the 17 patients considered 
cured without surgery had minor symptoms from 





Fig 1. Schematic drawing illustrating age at first 
attack and at last exacerbation for 25 patients. 
Two patients still had exacerbations at time of 
follow-up study. * — age at follow-up study, 
OP — parotidectomy performed, LIG — liga- 
tion of excretory duct performed. 


35 40 


the parotid glands such as distension when eating 
citrus fruits. One patient had her first attack at the 
age of 1 year. She had recurrent swellings of the 
parotid gland, often in connection with tonsillitis. 
When she was 8 years old, a tonsillectomy was per- 
formed. After that she had no further exacerba- 
tions. Another patient had his first attack at the age 
of 12 years, with exacerbations when playing the 
clarinet, a hobby that he was forced to give up. 


Radiographic Findings. The primary radiograph- 
ic examinations of 24 of the 25 patients showed sia- 
lectasis, and in about one third of the cases slight 
ductal changes also were found. One child showed 
only ductal changes with widening of the major 
ducts and changing of their calibers. The pathologic 
findings varied from moderate to severe. 


Only two of the 16 patients in whom the long- 
term course of the sialographic changes could be 
studied showed a marked reduction of pathologic 
findings (Fig 2). These two patients showed slight 
sialectasis (less than 1 mm) at the primary examina- 
tion. In another patient there was a slight reduction 
in sialographic changes. Two patients showed some 
increase in pathologic findings (Fig 3). The remain- 
ing 11 patients presented sialograms at the follow- 
up study similar to their original ones, concerning 
both the type and the severity of the changes (Fig 
4). In most patients a marked increase in glandular 
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size, as well as an increase in the width of the ex- 
traglandular main duct, could be observed at the 
follow-up examination. The patient who had un- 
dergone total parotidectomy but had a small anteri- 
or portion of the gland remaining showed sialectasis 
on follow-up similar to that at the primary ex- 
amination. 


Studies of the emptying phase in all patients dis- 
clesed a retention of contrast medium in the sialec- 
tasis and, in the patient with only ductal changes, 
in the widened major ducts. 


Primary bilateral sialography was performed in 
nine of the 25 patients. Five of these patients had no 
symptoms from the contralateral gland. Two of 
these contralateral glands showed a normal sialo- 
graphic appearance, but the other three showed 
changes similar to those in the symptomatic gland. 
The remaining four patients had bilateral symp- 
toms and sialectasis on both sides. 


No correlation could be found between the extent 
of the sialographic changes and clinical findings 
such as age at onset of the disease or frequency of 
exacerbations. 


Fig 2. A,B) Lateral sialograms from left 
parotid gland in patient with marked 
reduction in pathologic changes between 
A) primary examination at 12 years of 
age and B) follow-up study at 28 years of 
age. Sialectasis is observed in A, while 
condition has almost disappeared in B. 
C,D) Frontal sialograms of same patient 
at age of 28 years. Remaining sialectasis 
is best seen in D (emptying phase). 


DISCUSSION 


C inical Findings. Recurrent parotitis in children 
is a rare disease, starting most often in the first 
decade of life.2*°® As did Katzen,* we found the 
highest incidence between the ages of 3 and 6 years 
(Fig 1). Different theories of causation have been 
discussed over the years. Bailey’? and Smith” state 
that there is a congenital abnormality predisposing 
for the disease. A familial background has been de- 
scribed by several authors.'*'® Other investiga- 
tors’ ’ '°-'8 emphasize impaired rates of secretion as 
a ca asative factor. One child seemed to incur recur- 
rent parotitis secondary to repetitive chewing on 
Stersen’s duct orifice.'? Some recent studies*:”° have 
fourd that immunologic disorders may play a role 


in pathogenesis. 


Many authors” **?!?? have reported a tendency 
for te disease to cease near the onset of puberty or 
in lete adolescence regardless of therapy. These 
findings correspond well to our observations. How- 
ever. 8% of the patients in our material did not 
cease to have exacerbations until their early 20s, 
and -he 8% of patients who were not considered 
cured at reexamination were about 20 years old (Fig 
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Fig 3. Lateral sialograms from left parotid gland in patient with increase in pathologic changes from A) primary examination at 9 
years of age to B) follow-up study at 26 years of age. Sialograms show only ductal changes. 


1). We also found some patients with a tendency to 
mucopurulent secretion from the duct at parotid 
massage, which might be a sign of persistent low- 
grade infection in the glands. 


No documented case of Sjégren’s syndrome, sys- 
temic lupus erythematosus, etc, could be found in 
our subjects. The role of associated diseases like 
these has been discussed.*:'??7 However, one third 
of the patients in this study reported that they had 
minor symptoms such as dry mouth or dry eyes. It 
might be that these are subclinical manifestations of 
an underlying systemic disease. We found 28% 
with bilateral symptoms, which is a somewhat low- 
er figure than has earlier been reported.’ As did 
other authors,** we found that more boys than girls 
were affected. In our series no less than 72% were 
boys. 


The most commonly used treatment of an acute 
exacerbation is administration of peroral anti- 


| 


biotics, which we feel is indicated in patients with 
fever and purulent discharge from a swollen gland. 
It is not clear, however, how much this changes the 
natural course of the inflammation.** Dilatation of 
the duct orifice has been used in many cases,*''*”° 
including some in our study. This treatment may be 
questioned, since no stricture was found in the 
sialograms in our material, and in some cases the 
duct was even dilated, probably as a result of the 
disease. Ligature of the duct has been recommended 
by Diamant” and Maynard.’ Our subjects who had 
been treated in this way were consistently symptom 
free. Radiotherapy was employed for many years,” 
but some authors?*?? considered such therapy 
useless. The most radical treatment is parotidec- 
tomy, but this kind of surgery should be restricted 
to the most severe cases. This is because of the po- 
tential risk of facial nerve damage and because the 
prognosis of this disease is good without surgery. 
Twelve percent of the patients in our material were 
treated successfully in this way. 





Fig 4. Lateral sialograms from right parotid gland in patient with similar radiographic changes at A) primary examination at 8 
years of age and at B) follow-up study at 17 years of age. Sialograms show sialectasis. 
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Radiographic Findings. The most common path- 
o ogic findings in the sialograms of children with re- 
current parotitis was sialectasis, as authors state in 
earlier reports.?*°*'° The presence of sialectasis is 
not unique to this disease; rather, it is a common 
finding in patients with Sjogren’s syndrome, for ex- 
ample.” Different causes of the sialectasis have 
been proposed in the literature. Some authors’:*>*' 
state that the sialectasis is due to rupture of the 
weakened peripheral ducts with extravasation of 
the contrast medium into the interstitial tissue. 
Cthers®**° declare that the radiographic findings of 
stalectasis histologically correspond to cystic cavities 
lmed with epithelium. Since the dilated ducts retain 
their round form also in the emptying phase even 
when a water-soluble contrast medium is used, as in 
our study, it is most probable that they represent 
real dilatations, ie, cavities, of the peripheral ducts. 
Otherwise, the contours of the sialectasis would be 
more diffuse in the emptying phase. 


Some authors'*''*''” ascribe the sialectasis to con- 
genital abnormalities of the parotid glands that 
they consider a predisposing cause of recurrent 
parotitis in children. When reviewing the files of 
tie Department of Diagnostic Radiology we found 
cne girl (14 years old) with bilateral symptoms of 
recurrent parotitis but with normal sialograms on 
both sides. She was reexamined with sialography at 
tne age of 18 when she still had symptoms of the 
cisease, and even then the sialograms were normal. 
Thus, there may be persons with symptoms of the 
cisease but with normal sialograms. Similar obser- 
vations have been reported earlier.'°* The conclu- 
son must be that sialectasis cannot be the only 
cause of recurrent parotitis, and it is doubtful if it is 
congenital or a sequel to the inflammation in the 


gland. 


In our study, sialectasis was found bilaterally in 
three of the five patients with unilateral symptoms 
who had a primary bilateral sialography. The fact 
that sialectasis also was found in symptom-free 
glands corresponds with earlier reports.®'! On the 
cther hand, sialographic changes obviously are not 
always bilateral, as has been postulated.? 


We could not find any correlation between the 
severity of the sialographic changes and the clinical 
f ndings, such as age at onset of the disease, fre- 
cuency of exacerbations, and age at recovery, as re- 
ported by Maynard’ and Konno and Ito. More- 
cver, we did not find that children with bilateral 
symptoms were more likely to suffer persistent 
symptoms beyond puberty, as Maynard? observed. 


Eig percent of our patients presented severe main 
duct changes in the sialograms at the primary ex- 
am nation, but their disease had a clinical course 
similar to that of the other patients. Thus, it did not 
seem that main duct changes were an aggravating 
fac or, as proposed by Maynard.’ 


+though most patients in our study were clini- 
caly symptom free at the follow-up examination, 
only two of 16 patients presented a marked reduc- 
tiom of pathologic changes in the sialograms. These 
twe showed only small punctate areas of sialectasis 
at -he primary examination. Konno and Ito? re- 
posted in their follow-up study that eight of nine 
patients had a marked reduction of the sialographic 
changes. Galili and Marmary’®** found in nine 
follow-up cases one gland in which sialographic 
chenges had totally disappeared and two glands 
that showed a marked decrease in primary sialec- 
tas-s. The discrepancies between our results and 
these of these two studies may depend on varying 
radiographic qualities, such as more or less super- 
imoesition of adjacent structures in the parotid 
sia ograms or different amounts of contrast medium 
in the salivary ducts. 


CONCLUSIONS 


1. In 92% of the patients studied, clinical symp- 
tems disappeared before the patients were 22 
years of age, independent of which therapy was 
used. Two patients, 19 and 20 years of age, with 
continuing exacerbations had noticed fewer 
problems during recent Years. 

2. The follow-up studies showed remaining radio- 
graphic changes, mostly as sialectasis, in spite of 
the fact that the patients were clinically symp- 
tom free. Thus, there may be adult individuals 
with sialectasis of the parotid glands without 
clinical symptoms. 

3. A symptom-free contralateral gland may show 
sialectasis, but the sialogram also may be com- 
pletely normal. 

4. No correlation between the extent of the sialo- 
graphic changes and the clinical findings was 
found in this study. 

5. Treatment of children with recurrent parotitis 
should be conservative, since in most cases the 
disease will disappear spontaneously before they 
are 20 years of age. Surgical treatment is recom- 
mended only for patients with frequent or severe 
exacerbations. Ligation of the duct is a relatively 
simple and apparently effective treatment in 
many cases. Parotidectomy should be restricted 
to the most severe cases. 
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SURGERY FOR CONGENITAL CONDUCTIVE DEAFNESS 
IN KLIPPEL-FEIL SYNDROME 
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A wide variety of anomalies of the middle and inner ear has been reported in association with congenital deafness in Klippel-Feil syn- 
drome. Findings of six new exploratory tympanotomies are added to a review of 14 previously reported; for this entire group, better hear- 
ing was achieved in eight ears. When the only anomaly is a disconnection ofthe incudostapedial joint, good results can be expected from 
reconstruction of the ossicular chain. With the addition of the six newly repatted stapedectomies, the success rate for this procedure now 
equals 50 % . None of the fenestrations of the promontory performed for absence of the stapes and oval window have been successful. Since 
these results are encouraging, it is concluded that an exploratory tympanotorry should be considered during the course of hearing rehabili- 
tation in cases of Klippel-Feil syndrome and a significant conductive hearingloss. Anomalies of inner ear structures established preopera- 
tively may be a contraindication for stapedectomy. 


KEY WORDS — conductive deafness, congenital deafness, incus surgery, Klippel-Feil syndrome, promontory fenestration, stapes 


surgery. 


INTRODUCTION 


The Klippel-Feil syndrome is frequently associ- 
ated with congenital deafness. The deafness can be 
sensorineural, conductive, or mixed. In the Klippel- 
Feil syndrome there is fusion of several cervical 
vertebrae causing diminished mobility, especially 
rotation, of the cervical spine combined with a 
shert neck and a low posterior hairline. In Wilder- 
vanck syndrome, in addition to this fusion of cervi- 
cal vertebrae and congenital deafness, there is also 
an abducens palsy. The cause of this syndrome is 
unknown. Associated features of Klippel-Feil syn- 
drome are scoliosis (60%), hearing loss (30%), 
Sprengel’s deformity (30% to 40%), hemifacial mi- 
crosomia, torticollis and/or webbing of the neck 
(20%), renal anomalies (35%), and anomalies of 
the neural tube (20%). 


The histologic, radiologic, and surgical findings 
of the middle and inner ear in Klippel-Feil syn- 
drome are numerous.'~* A review is presented of the 
anomalies of the middle ear and of the results of 
surgical intervention, as reported in the literature 
for this syndrome. Table 1 lists the findings and 
results of 14 exploratory tympanotomies reported in 
the literature*"'*; only in four cases was a hearing 
gain achieved. At the Nijmegen Department of Oto- 
rhinolaryngology, a new series of six exploratory 
tympanotomies was performed in recent years: five 
were in three cases of the Klippel-Feil syndrome 
(Table 2), and one was in a girl with Wildervanck 
syndrome as reported by Cremers et al'* (Table 1). 
In addition, the surgical findings from another in- 
stitution are also reported for a second ear in our 
case 3. 


PATIENTS AND RESULTS 
CAS 1 


Æ 25-year-old woman with some mental retarda- 
tior was referred for evaluation of her binaural 
hea-ing loss (Fig 1A). Hearing loss was suspected 
dur mg her early childhood, and more recently a 
conzenital anomaly of the ossicular chain was con- 
sidered. She was the only child in her family with a 
hea~ing loss; her six siblings had normal hearing. 
The pregnancy, delivery, and postnatal period were 
reperzed as uneventful. At otorhinolaryngologic ex- 
amiation, otoscopy showed normal tympanic 
mertbranes and well-aerated middle ears. Dimin- 
ishe mobility of the neck was noted during this ex- 
amination, and radiographic examination showed 
fusien of C-2 and C-3 and an open arch of C-1 (Fig 
1B) There was no abducens palsy. Findings at 
general physical examination revealed no other 
ano malies or associated features of Klippel-Feil syn- 
drome. Polytomography of the petrous bones in 
Guilen’s view and the axial-pyramidal view 
showed normal structures, including a normal in- 
ternal auditory canal. Contralateral stapedial re- 
flexes could not be elicited bilaterally. During ex- 
ploratory tympanotomy of the right ear, the lateral 
end >i the long process of the incus was found to be 
absent. The malleus and stapes were mobile. The 
heac of the stapes was also missing as a result of the 
congenital abnormality. The ossicular chain was re- 
consructed by interposition of an allograft incus 
between stapes and malleus. An air-bone gap of 
only 10 dB remained (Fig 1C). The same procedure 
was Jerformed 1 year later on the left ear. The find- 
ings were identical. Both the lateral end of the long 
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TABLE 1. FINDINGS AND RESULTS OF 14 EXPLORATORY TYMPANOTOMIES IN KLIPPEL-FEIL SYNDROME 


Sex/Age 
(yr) Ear Hearing Loss Malleus Incus 
Edwards* F/27 R 90 dB, 45 dB sensorineural Atrophic long process 
L 90 dB, 45 dB sensorineural Atrophic long process 
Everberg‘ M/13 R Normal 
L Mixed Absent Absent 
Livingstone and F/10 R Severe mixed 
Delahunty‘ L — Severe mixed Slightly abnormal Slightly abnormal 
Singh et al’ M/13 L 40 dB, conductive Normal Normal 
Cross and Pfaffenbach* M/11 R Normal 
L 60 dB, conductive Rudimentary Rudimentary 
Stark and Borton’ M/9 R60 dB, mainly conductive Absent lenticular process 
L 80 dB, mainly conductive Absent Absent 
Jarvis and Sellars'® F/9 R 50 dB, conductive Rudimentary Absent 
k 50 dB, conductive Mobile Mobile 
Daniilidis et al"! M/35 R 50 dB, conductive 
| 50 dB, conductive 
Daniilidis et al’? M/10 R 50-60 dB, conductive Normal Normal 
G 60 dB, sensorineural 
Sakai et al’ F/22 R = 33 dB, 15 dB conductive Normal Atrophic long process 
Cremers et al'* F/22 R 40 dB, 27 dB sensorineural 
F/22 L 50 dB mixed, 20 dB sensorineural Normal and mobile Normal and mobile 
process of the incus and the head of the stapes were normal-hearing brothers had an unexplained con- 
absent. Interposition of an allograft incus between ductive hearing loss of 60 dB; radiographic exami- 
the stapes and the malleus was as successful as it had nation of his cervical spine revealed no anomalies. A 
been in her right ear (Fig 1C). genealogical examination covering five generations 
Family. The patient’s mother showed a bilateral excluded consanguinity. 
middle frequency sensorineural hearing loss of 40 CASE 2 
dB. Her father had ofily a high frequency sensori- A 48-year-old woman (Fig 2A-C) was referred for 
neural hearing loss. A 3-year-old son of one of her an evaluation of her bilateral conductive hearing 
TABLE 1 (Continued). FINDINGS AND RESULTS OF 14 EXPLORATORY TYMPANOTOMIES IN KLIPPEL-FEIL SYNDROME 
Sex/Age Oval 
(yr) Ear Stapes Window Reconstructive Surgery Hearing Gain 
Edwards‘ F/27 R Abnormal, footplate Small None None 
absent 
L Abnormal, footplate Small Notched polyethylene tube between 90 to 55 dB 
absent stapes and tympanic membrane 
Everberg‘ M/13 L — Absent Absent None None 
Livingstone and F/10 L Slightly abnormal Absent Burring at level of stapedial foot- None 
Delahunty‘ plate to depth of 3 mm failed to lo- 
cate vestibule 
Singh et al’ M/13 L Normal Normal None None 
Cross and Pfaffenbach* M/11 L Absent None None 
Stark and Borton’ M/9 R___ Footplate absent None None 
L — Absent None 
Jarvis and Sellars’® F/9 R Very diminutive Homograft incus between malleus Almost none 
and stapes 
L Bony fixation Stapedectomy and interposition 50 to 28 dB 
Daniilidis et al'' M/35 R Fixed Stapes gusher and Teflon interpo- No change in hear- 
sition ing 
Daniilidis et al’ M/10 R  Dysplastic and fixed Normal Stapedectomy and interposition 60 to 20 dB 
Sakai et al" F/22 R Center footplate Normal Stapedectomy, Schuknecht Gel- 33 dB to total loss of 
opalescent foam Haad. aor 15th day cochlear function 
complicated by perilymph gusher 
Cremers et al'* F/22 L Fixed with normal Normal Partial stapedectomy and Teflon Closed air-bone gap 


configuration interposition 50 to 18 dB 
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TABLE 2. FINDINGS AND RESULTS OF SIX EXPLORATORY T* MPANOTOMIES IN KLIPPEL-FEIL SYNDROME 


Sex/Age 
This Report (yr) Ear Hearing Loss Malleus Incus 
Case 1 F/25 R 40 dB, mainly conductiv Normal Atrophic long process 
L 40 dB, mainly conductiv- Normal Atrophic long process 
Case 2 F/48 R 60 dB, 15 dB sensorineural Normal Normal 
L 60 dB, 20 dB sensorineural Normal Normal 
Case 3 M/19 R 40 dB, 10 dB sensorineural Normal Normal 
L 60 dB, 20 dB sensorineural Normal Atrophic long process 


ESF SS SS SS SS SS eS SS GS ee SES GES ee Se GS GS Ge ee 


Sex/Age Oval 
This Report (yr) Ear Stapes Window Reconstructive Surgery Hearing Gain 
Cese 1 F/25 R Mobile, absent head Normal Transformed allograft incus 40 to 20 dB 
k Mobile, absent head Normal Transformed allograft incus 40 to 20 dB 
Case 2 F/48 R Fixed Normal Partial stapedectomy and Teflon Closed air-bone gap 
interposition 60 to 15 dB 
L Fixed Normal Partial stapedectomy and Teflon Closed air-bone gap 
interposition 60 to 20 dB 
Case 3 M/19 R Atrophic Absent Fenestration and interposition of | None 
fat-wire prosthesis* 
L Absent Absent Fenestration of promontory and None 


Teflon interposition 


*Carried out at another institution. 
ee EEE 


loss (Fig 2D). Since her hearing loss had been noted 
in early childhood, a congenital anomaly of the 
ossicular chain was suspected. Her history revealed 
her mother’s pregnancy as normal and her delivery 
and postnatal period as uneventful. She was noted 
to have a heart murmur at the age of 3, and it was 
recently diagnosed as a combined aortic stenosis 
wich slight mitral insufficiency. As a teenager she 
wes treated conservatively for scoliosis. Her general 





hearing loss (dB) 


















hearing loss (dB) 
nm 
© 




















right frequency (Hz) left 


air conduction :right o,left x 
C bone conduction: right C, left 3 





125 250 500 1000 2000 4000 8000 125 250 500 1000 2000 4000 8000 


frequency (Hz) 


physical examination revealed no other anomalies 
or associated features of Klippel-Feil syndrome. She 
had av abducens palsy. 


Owscopy showed normal tympanic membranes 
and a well-aerated middle ear. The hearing loss is 
presented in Fig 2D. Contralateral stapedial re- 
flexes could not be elicited bilaterally, while imped- 
ance-measurements showed a,flat curve. Congenital 
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Fig 1. (Case 1) A) Preoperative audiograms. B) Fusion of C-2 and C--. C) Postoperative audiograms. Right ear — 18 


months after surgery, left ear — 8 months after surgery. 
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Fig 2. (Case 2) A-C) Woman (48 years old) with Klippel-Feil syndrome and bilateral congenital conductive hearing loss. D) 
Preoperative audiograms. E) Postoperative audiograms. Right ear — 8 months after surgery, left ear — 26 months after surgery. 


fixation of the ossicular chain was suspected. Di- 
minished mobility of the neck was noted during 
these examinations, and radiographic examination 
revealed fusion of C-3 and C-4 and C-5 and C-6. 
Convex scoliosis and a basilar impression were also 
noted. Radiographic examination of the petrous 
bones was omitted. A left exploratory tympanotomy 
revealed congenital stapes fixation and a normally 
mobile malleus and incus. The posterior half of the 
footplate could be removed, and a 0.6-mm diame- 
ter all-Teflon piston was positioned. This resulted in 
better hearing with a shift of the preoperatively 
measured bone conduction level (Fig 2E). Histo- 
logic examination of the posterior crus showed no 
abnormalities. 


A right exploratory tympanotomy 1l year later 
showed exactly the same findings with an isolated 
congenital stapes fixation. The posterior part of the 
footplate could also be removed and an all-Teflon 
piston was successfully interposed (Fig 2E). 


Family. The patient’s parents and siblings had 
normal hearing. Consanguinity between her par- 
ents was excluded by a genealogical investigation 
covering five generations. 


CASE 3 


A 19-year-old man was referred from the Carib- 
bean area because of bilateral conductive deafness 
in association with the Klippel-Feil syndrome. 
Previous radiographic examination had revealed an 
open arch of C-1 and fusion of C-2 and C-3. The 
pregnancy had been complicated in the third month 
by a threatened abortion. Delivery was at term and 
uneventful. At birth, bilateral preauricular appen- 
dages were noted and excised, and deafness was 
noted during his early childhood. At the age of 11, 
he had had a left exploratory tympanotomy per- 
formed at another institution. The surgical report 
stated that malleus and incus were present and 
mobile, and the stapes and oval window were ab- 
sent. The surgical intervention was terminated. 
One month later a right exploratory tympanotomy 
was performed by the same surgeon; his report 
mentioned a mobile malleus and incus. An atrophic 
stapes was found, and the surface of the promon- 
tory was irregular at the site where the oval window 
should have been. This area was fenestrated and a 
fat-wire prosthesis was interposed. An audiogram 1 
month postoperatively showed normal hearing with 
a closed air-bone gap. This hearing gain was lost 


Van Rijn & Cremers, Tympanotomy in Klippel-Feil Syndrome 351 





hearing loss (dB) 
N 
© 





125 250 500 1000 2000 4000 8000 125 250. 500 1000 2000 4000 8000 


right frequency (Hz) left frequency (Hz) 


air conduction -right o,left x 
bone conduction: right C, left 3 


Fig 3. (Case 3) Preoperative audiograms. 


shortly afterward, and the hearing level returned to 
the preoperative values. 


Results of the general physical examination in the 
Nijmegen Department of Otorhinolaryngology re- 
vealed no other anomalies or associated features of 
Klippel-Feil syndrome. The auricles were both 
small and convex, and the external auditory canal 
was narrow on both sides. Otologic examination 
showed no anomalies. The hearing loss is shown in 
Fig 3. Polytomography of the petrous bones in 
Guillen’s view and the axial-pyramidal view 
showed normal structures including a normal inter- 
nal auditory canal. 


Left-sided exploratory tympanotomy was re- 
ported and revealed a mobile malleus and incus. 
The long process of the incus was too short and was 
attached to the stapedial tendon. The stapes and 
oval window were absent. A large part of the facial 
nerve was not covered by bone and passed more 
anteriorly in the area where the oval window 
should have been located, thus complicating surgi- 
cal correction. The promontory was fenestrated, 
admitting a 0.4-mm diameter Teflon-wire piston, 
which was not as mobile as would be desired. 
Surgery was terminated. The audiogram was un- 
changed postoperatively. 


DISCUSSION 


In reviewing our findings and those from the 
literature at exploratory tympanotomies in the 
presence of Klippel-Feil syndrome, it can be con- 
cluded that there is a very wide spectrum of os- 
sicular chain anomalies. In some cases there were 
ne ossicles at all and this was combined with aplasia 


of the oval window niche. In none of our severe 
cases could a hearing gain be established, not even 
after fenestration in the area of the oval window; 
Livingstone and Delahunty reported the same find- 
ing ° In four ears, including one herein reported, 
the incudostapedial joint was absent because the 
long process of the incus was too short, but the 
staps was mobile.*'° In case 1, reconstruction of 
the ossicular chain with an allograft incus or poly- 
ethylene strut was successful; Edwards reported 
identical success in two cases.* In seven ears, in- 
cluding one that we report, an isolated congenital 
stapes ankylosis was found.!°-12!1415 A fixed 
footplate with atrophic crura was found in one 
ear. Stapedectomy was performed in all eight 
ears: in four, reported by Daniilidis et al’? and 
Cremers et al'* and in Table 2, case 2, this resulted 
in a eonsiderable hearing gain. In one of the other 
four cases, a stapes gusher was encountered; the 
posaperative hearing level was unchanged." 
Polytomography in this case showed an anomaly of 
the cochlea and the semicircular canals, and 
stapedectomy ultimately resulted in a deaf ear, 
altheugh there had been a considerable hearing im- 
provement 2 weeks after surgery. A perilymph 
fistala was found at exploratory tympanotomy. 
Polrtomographic findings in the petrous bones were 
reperted to be normal. 


In reviewing the results of all these surgical in- 
terwentions, it appears that absence of the in- 
cudostapedial joint is an ideal indication for 
recenstruction of the ossicular chain. Successful 
surgery can be expected when the stapes is mobile. 


The results of five of the seven stapedectomies 
were good. In one case a stapes gusher was en- 
countered, albeit without any negative end result, 
and ene stapedectomy resulted in a deaf ear. The 
outeame in this last case has been described to be 
the result of a perilymph fistula, an unusual com- 
plication of stapes surgery in congenital stapes 
ankyiosis.'? Fenestration of the promontory has not 
beea successful in this syndrome, probably as a 
result of technical failures. The main risk seems to 
be cf encountering a stapes gusher, but cases at risk 
can probably be identified preoperatively by radio- 
graphic examinations of the inner ear and internal 
auditory canal. Based on these experiences, we con- 
cluce that surgery of the middle ear, including 
stapes surgery, can be very useful in properly se- 
lected cases. 
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RIGID FIXATION OF THE CRANIOFACIAL SKELETON 


A program on Rigid Fixation of the Craniofacial Skeleton will be held November 18-20, 1988, in Baltimore. For further information, 
contact Kimberly C. Unitas, Maryland Institute for Emergency Medical Services Systems, 11 South Paca Street, Suite 304, Baltimore, MD 


21201; (301) 328-2399. 
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AMERICAN DIOPTER AND DECIBEL SOCIETY 


The American Diopter and Decibel Society will hold a combined seminar for ophthalmology and otolaryngology January 21-28, 1989, 
at the Acapulco Princess Hotel in Acapulco, Mexico. For further information, contact Jeannie L. Nee, Meeting Coordinator, 3518 Fifth 


Avenue, Pittsburgh, PA 15213; (412) 682-6300. 
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DEVELOPMENT OF CONGENITAL LARYNGEAL 
ATRESIAS AND CLEFTS 


HARRY I. A. ZAW-TUN, MB BS, PHD 


SASKATOON, CANADA 


Congenital supraglottic laryngeal obstruction still is being described as subglottic stenosis. There are three clearly defined types of con- 
genital laryngeal atresia, which result from arrest at consecutive development! stages. Type 1 consists of a supraglottic obstruction, absent 
vestibule, and stenotic infraglottis, and type 2 is a supraglottic obstruction that separates a shallow primitive vestibule above from a 
nonstenotic infraglottis. These two types usually are accompanied by other defects, many of them severe. In type 3, a perforated mem- 
brane partly obstructs the glottis. Arrest of the dorsal advance of the chondri‘ring cricoid before the ends meet to form the dorsal lamina 
results in a complete laryngeal cleft, and incomplete fusion of the ends may leave a notch and/or foramen within the lamina. Failure of the 
interarytenoid tissue to develop will produce a local cleft, and maldevelopmert of the cricoid cartilage or infraglottic submucosa can result 
in true subglottic stenosis without supraglottic obstruction. 


KEY WORDS — congenital laryngeal atresia, epithelial lamina, infraglattis, laryngeal cecum, laryngeal cleft, pharyngoglottic duct. 


INTRODUCTION were made by the author from serial sections of 
human embryos and fetuses in the Carnegie, Pat- 
ten, and Shaner collections at the Universities of 
California, Michigan, and Alberta, respectively. Il- 
lustrations used are from Carnegie 2053, 5923, and 
enital laryngeal atresia, Smith and Bain' found 836: Patten EH479, EH277, and EH1545; and 
fae pre rN in the last century, eight be- Shaaer SH44, SH86, SH5, SH77, SH81, SH101, and 


tween 1900 and 1940, and 15 more by 1962, and de- SH105. 
scribed nine cases they had seen in one decade. Most 
recently, Cohen? reviewed 51 cases of congenital 
glottic web. Similarly, Jahrsdoerfer et al,? who 
stated they had had difficulty diagnosing one case 
of laryngeal cleft, traced only 19 others previously 
reported. 


Congenital laryngeal atresias and clefts appear to 
be very rare, although increased awareness and bet- 
ter diagnostic methods are bringing more cases to 
light. In their review of published cases of con- 


Development of Larynx. Proving the nonex- 
istence of an ascending tracheoesophageal septum, 
the author’ showed the true origin and development 
of the esophagus and respiratory primordium (RP) 
as shown in Fig 1. The hepatic primordium (HP), 
initëlly contiguous with the RP, enlarges rapidly 
withm the septum transversum, pushing its attach- 
ment to the foregut caudally away from the RP (Fig 
1B-E). This separation permits the RP to dilate and 
bifurcate ventrocaudally into lung buds, which in 
turn draw out a stalk that gives rise cephalocaudally 
to the glottic opening, infraglottis, and trachea (Fig 
1F). Meanwhile, the segment of the foregut be- 
tween the levels of the original sites of the HP and 
RP grows relatively slowly and thus becomes 
stretched; it gives rise to the esophagus, stomach, 
and cephalic half of the duodenum (Fig 1E). 


Congenital anomalies are the result of maldevel- 
opment of certain embryonic cells, producing ab- 
normal anatomic structures that display character- 
istics of an earlier stage of development. Smith and 
Bain,’ who were the first to attempt typing of laryn- 
geal atresias, tried to relate their observations of the 
three types they recognized to the available descrip- 
tions of the structure’s development. As their type 1 
atresia involved complete closure of the larynx 
above the glottic level (ie, no vestibule present) they 
had to reject the descriptions by Kallius* and 
Frazer,* according to whom a congenital atresia 
above the glottic level was not possible. This left 
Walander’s® description of laryngeal development 
in the rat. However, although this description pro- 
vided an explanation for the absence of a vestibule 
in type 1 atresia, it failed to explain adequately the 
other features present in all three types distin- 
guished by Smith and Bain.' It thus remains for a 
plausible explanation of congenital laryngeal 
atresias and clefts to be advanced. 


The foregut cephalic to the RP as far as the level 
of the fourth pharyngeal pouches presents a wide 
lateral surface. Rapidly proliferating pharyngeal 
mesoderm increasingly compresses this segment 
bilaterally, bringing its lateral walls together ven- 
trodersally.* This forms an epithelial lamina (EL) 
that ebliterates the lumen, leaving only a minute 
pharsngoglottic duct (PhGD) along its dorsal bor- 
der. (‘Pharyngotracheal” is not appropriate.) The 
PhGD connects the pharynx above with the dorsal 
Three-dimensional wax plate reconstructions end af the glottic opening below (Fig 2A-1). The 


From the Department of Anatomy, University of Alberta, Edmonton, Canada. 
Correspondence should be directed to Harry I. A. Zaw-Tun, MB BS, PhD, 522 Laie Crescent, Saskatoon, Saskatchewan, Canada, S7H 3A4. 
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A B C 


D E F 


Fig 1. Developmental stages of respiratory primordium, shown in reconstruction of A) specimen 2053, 20 somites; B) 
specimen SH44, 24 somites; C) specimen 5923, 28 somites; D) specimen 836, 29 somites; E) specimen SH86, 30 so- 
mites; and F) specimen SH5, 32 somites. H — heart, ST — septum transversum, RP — respiratory primordium, HP — 
hepatic primordium, IV — fourth pharyngeal pouch, SV — sinus venosus, L — lung, E — esophagus, S — stomach, 


G — glottis, IG — infraglottis, Tr — trachea. 


continuing proliferation of the mesoderm raises 
three swellings above the level of the EL in the floor 
of the pharynx’ (Figs 2A-1 and 3). Two of these 
swellings flank the upper margin of the EL; the 
third, the future epiglottis, lies ventral to the EL in 
the median plane. The shallow triangular cecum 
bounded by the three swellings (Fig 3) grows cau- 
dally along the ventral border of the EL,‘ and by 
the end of the seventh week of gestation it reaches 
just above the glottic level approximately at the 
caudal border of the EL’ (Fig 2A-2). During its 
caudal extension, the cecum gives off bilateral 
pouches from its growing end. These pouches later 
dilate and extend dorsally along the upper border of 
the glottis to become the laryngeal ventricles? (Fig 
2A-5,B-5). Meanwhile, anlagen for laryngeal carti- 
lages and muscle have appeared. 


Beginning in the eighth week, the EL separates 
cephalocaudally; it brings the laryngeal cecum into 
communication with the PhGD, forming a shallow 
primitive vestibule’ (Fig 2A-3,B-3) that deepens 
and widens as the EL continues to separate. By the 
end of the ninth week, the vestibule has nearly 
reached the glottic level, being separated from the 
infraglottic lumen by a perforated membrane that 
represents the caudal remains of the EL® (Figs 2A-4, 
B-4; and 4). At this stage of development, the laryn- 
geal cartilages have attained their adult shape’ (Fig 
5C). 


Contrary to existing beliefs, the cricoid chon- 
drifies from a single ventral center, the lateral 
margins of which advance dorsally on each side of 
the infraglottis and meet behind the lumen. During 
the seventh week, when the cecum has reached the 
glottic level, chondrification of the cricoid has ad- 
vanced about halfway along the sides of the trans- 
versely narrow infraglottis. It appears conical (Fig 
5A-1,2,3) and has a narrow dorsal slit separating 
the lateral rami.° 


During the eighth week, while the cephalic 
margin of the infraglottic lumen remains approx- 
imated along the caudal border of the EL, appear- 
ing like a wedge, the rest of the cavity dilates. By 
the end of the ninth week, the caudal rim is wide 
and circular, giving the whole cavity a conical ap- 
pearance? (Figs 4B and 6). The cricoid, while con- 
tinuing to advance dorsally, conforms to the shape 
of the dilating infraglottis, so that the advancing 
ends are forced to turn sharply inward in order to 
meet and thus form a V-shaped dorsal lamina (Fig 
4A). At this stage, the upper rim of the cricoid, en- 
circling the cephalic region of the infraglottis, is 
oval (Fig 5B-1) and the lower rim is annular (Fig 6). 
Seen from below, the cricoid and the infraglottic 
lumen might be described as “dome-shaped” (Fig 
6). Irregular fusion of the advancing ends of the 
cricoid to form the lamina may leave a foramen 
and/or a median notch in the dorsal lamina (Fig 
5B-3). 


By the end of the ninth week, the infraglottic 
lumen is well developed, surrounded by a normal 
annular cricoid (Fig 5C-1), but still separated from 
the vestibule by a remnant of EL.’ The latter, ap- 
parent as a perforated membrane (Figs 2A-4,B-4; 
and 4), disappears by the end of the 12th week, by 
which time the supraglottic vestibule is continuous 
with the infraglottic cavity? (Fig 2A-5,B-5). In the 
meantime, the bilateral pouches at the caudal ex- 
tremity of the vestibule have spread dorsally and 
now lie between the vestibule proper and the in- 
fraglottis: they represent the ventricles of the 
larynx. The superior and inferior lips of the opening 
into these ventricles become the vestibular and 
vocal folds, respectively® (Fig 2B-5). The laryngeal 
cavities are now established, but true vocal liga- 
ments (commonly mistermed “cords’”’), which will 
underlie the vocal folds, are still absent. Through- 
out, the infraglottic lumen, except at its cephalic 
glottic rim, remains patent (Fig 2B). 
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Fig 2. Developmental stages of laryngeal cavity. A) Modified from reconstructions cut in median plane. 1 — specimen 
SH77, 35 days, 2 — specimen SH81, 50 days, 3 — specimen EH47£, 60 days, 4 — specimen EH277, 70 days, 5 — 
specimen EH1545, 84 days. Ep — epiglottis, LC — laryngeal cecum , PhGD — pharyngoglottic duct, E — esopha- 
gus, AC — arytenoid cartilage, TC — thyroid cartilage. B) Diagrams of corresponding frontal sections along plane 
x-x, showing separation of epithelial lamina (EL) and formation of vestibule. Arrest of EL separation results in supra- 
glottic atresia of type 1, 2, or 3. AS — arytenoid swelling, G-G — glettic level, IG — infraglottis, C — cricoid, V — 
vestibule, Tr — trachea, Ven — ventricle, VP — vocal process. 


DISCUSSION 
CONGENITAL LARYNGEAL ATRESIAS 


The features in each of the three types of con- 
genital laryngeal atresias described by Smith and 
Bain’ correspond with those found during certain 
periods of normal development. 


Type 1 Atresia. Arrest in development before the 
end of the seventh postovulatory week gives rise to a 
shallow cleft flanked by the apices of the arytenoid 
cartilages in the floor of the pharynx (Fig 3). Below 
this, the vestibule and laryngeal sinuses are absent, 
because the EL is still intact (Fig 2A-1,2,B-1,2). 
Mesoderm on each side of the EL, being the anlagen 
for the arytenoid cartilages and associated muscle, 
will be malformed and may be (or appear to be) 
fused across the midline. The cricoid, partly chon- 
drified, is small and conical (Fig 5A-2), and the in- 
fraglottic lumen it embraces is still patent although 
transversely narrow (Fig 5A-3). The minute PhGD 
is present along the dorsal border of the EL, con- 
necting the pharyngeal floor with the infraglottic 
lumen (Fig 2A-2). These are the features detailed in 
Smith and Bain’s description of type 1 atresia.’ The 


supraglottic vestibule is absent, and the infraglottis 
is stemotic (Fig 2B-2). 


Type 2 Atresia. If the EL separates about half- 
way Defore arrest, a partly formed vestibule with 
ident:fiable sinuses will appear above the intact 
portion of the EL (Fig 2A-3). The latter, with its 
surrounding mesoderm, will still form a supra- 
glotti2 obstruction that will separate the primitive 
vestitule from the infraglottis (Fig 2B-3). By this 
stage. the latter has dilated into a conical lumen, 
surrounded by a dome-shaped cricoid cartilage 
(Figs 2B-3 and 6), that will allow adequate air entry 
provided there is no supraglottic obstruction. A 
short. slightly wider PhGD now connects the in- 
complete vestibule with the dorsal end of the in- 
fraglcttis (Fig 2A-3). Although they noted these 
features, Smith and Bain’ classified this supraglottic 
atresia as infraglottic: having probed the partly 
formed vestibule, they assumed that the level of the 
vocal cords was at the bottom of the space and that, 
thereiore, the obstruction beneath was “infraglot- 
tic” — despite their having noted the conical cavity 
surrounded by the dome-shaped cricoid below the 
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Fig 3. (Specimen SH77) Reconstruction with roof removed 
to display floor of pharyngolaryngeal region. H — hypo- 
branchial eminence, LC — laryngeal cecum, Ep — epi- 
glottic swelling, IV — fourth pharyngeal pouch, AS — 
arytenoid swelling, PhGD — pharyngoglottic duct. 


obstruction. In contrast to type 1 atresia, type 2 has 
a partly formed vestibule, and the infraglottis is not 
stenotic. 


Type 3 Atresia. By the end of the ninth post- 
ovulatory week, the EL remnant is a perforated 
membrane of variable thickness at the level of the 
vocal folds. It obstructs the glottic opening that 
now separates the almost fully formed vestibular 
cavity and its sinuses from a well-formed infraglot- 
tic lumen surrounded by a normal annular cricoid 
cartilage (Figs 2A-4 and 4B). Arrest at this stage of 
development seems to be the commonest of the 
three types of congenital laryngeal atresia. Smith 
and Bain' termed this the “glottic” type, and Hol- 
inger et al’ called it a congenital web — a term ap- 


plied also by Cohen.’ Holinger et al’ described these 
webs as being at the upper border of the vocal folds, 
some very thin and others extending even as far up 
as the “false cords” (ie, vestibular folds). Thus, the 
“webs,” too, are supraglottic: this confirms the 
mode of vestibular development.® In each of the 
webs described by Holinger et al,’ there was a 
“posterior chink” dorsal to the tips of the vocal pro- 
cesses, evidently wide enough to permit respiration 
although with some difficulty. This “chink” repre- 
sents the dilated caudal extremity of the PhGD. 


Diagnosis and Remediation of Laryngeal Atresia. 
Diagnosis of type 3 atresia is fairly simple: the 
neonate’s labored breathing indicates need for la- 
ryngoscopy, which reveals the condition; appropri- 
ate treatment can be instituted. Types 1 and 2, 
however, are invariably fatal unless tracheostomy is 
performed immediately — as was done in a case re- 
ported by Holinger et al’ in which laryngoscopy at 
10 months of age revealed a type 2 atresia. But not 
all neonates will survive the tracheostomy. All nine 
examined by Smith and Bain' at necropsy had 
numerous congenital anomalies, many of them very 
serious. One of the nine neonates had a type 3 
atresia. On the other hand, many of the cases re- 
viewed by Fox and Cocker’® involved no serious de- 
fects. Presumably, the likelihood of serious associ- 
ated malformations is greatest with type 1 laryngeal 
atresias, somewhat less with type 2, and least with 
type 3 (most of which are treatable). 


Summary. Hitherto, it generally has been believed 
that the separation of the EL resulted in formation 
of the infraglottic lumen.** The true patent in- 
fraglottic lumen, which is caudal to the EL and sur- 
rounded by the cricoid cartilage, has been regarded 
as part of the trachea. Clinicians, therefore, be- 
lieved that all congenital laryngeal atresias were 
subglottic and thus described cases of types 1 and 2 





Fig 4. Fetal laryngeal sections. A) (Specimen SH105) Transverse section through level of arytenoid vocal 
processes (VPs) showing remnant of epithelial lamina as perforated membrane (laryngeal web). B) 
(Specimen EH277) Frontal section ventral to VPs showing remnant of epithelial lamina (EL) separating 
vestibule (V) from dome-shaped infraglottic cavity (IG). T — thyroid cartilage, C — cricoid, Ven — ven- 
tricle, VF — vocal fold. 
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Fig 5. Developmental stages of cricoid and arytenoid car- 
tilages from reconstructions. A) (Specimen SH81) 7 weeks, 
B) (Specimen SH101) 8 weeks, C) (Specimen SH105) 9 
weeks. 1 — superior views, 2 — left lateral views, 3 — 
dorsal views, stippling — precartilage. 


as “subglottic.” An excellent example is Fox and 
Cocker’s’® case 1, which obviously is of type 1 but 
was described as “subglottic.” Also, their case 2 and 
Sayre and Hall’s'' second case, both of type 2, were 
described as “subglottic.” In fact, all three types of 
congenital laryngeal atresia involve the supraglottic 
region. In type 1, the vestibule is absent and the in- 
fraglottis is stenotic. In type 2, there is a shallow, 
incomplete vestibule and a supraglottic obstruction, 
but the infraglottis is no longer stenotic. In type 3, 
only a perforated membrane partly obstructs the 
glottic opening in an otherwise normal larynx. 


LARYNGEAL CLEFTS 


True laryngeal clefts are communications be- 
tween the laryngopharynx and the larynx. At least 
three types are possible: 1) failure of interarytenoid 
and aryepiglottic muscles to develop will result in 
an interarytenoid cleft with flaccid aryepiglottic 
folds; 2) incomplete fusion of the cricoid dorsally 
may leave a central foramen in the dorsal lamina, a 
median notch along its caudal border, or both (Fig 
öB-3) and thus produce a laryngopharyngeal fistula 
(commonly mistermed a “high tracheoesophageal 
fistula”); 3) failure of the lateral rami of the cricoid 
to meet dorsally will produce a complete laryngeal 
cleft associated with complete separation of the 
arytenoids. 


An interarytenoid cleft with flaccid aryepiglottic 
folds produces laryngeal stridor. Bowman and Jack- 
son” postulated “flabby” aryepiglottic folds as the 
cause of chronic stridor, tending to “pull in on in- 
spiration,” in 11 cases. Cotton and Richardson,*’ 


describing endoscopic appearances in a patient with 
strider due to laryngomalacia, included “a deep in- 
terarytenoid cleft,” an omega-shaped epiglottis, 
and floppy aryepiglottic folds: on inspiration, these 
supreglottic structures collapsed toward each other, 
leaviag a slitlike opening. 


A left is easily missed on laryngoscopy, most 
commonly because the possibility of its existence is 
overlooked. Other reasons for nondetection include 
narrcwness of the cleft; the lining membranes’ be- 
ing im contact’*; and herniation of esophageal mu- 
cous nembrane through the cleft, sealing the open- 
ing.’ 


Peřtersson* was fortunate in noticing the cleft on 
laryngoscopy and was evidently the first to treat it 
successfully surgically. Harrison et al'* failed to 
estab ish the diagnosis because laryngoscopy did not 
reveal the cleft. Shapiro and Falla’® missed a cleft 
on laryngoscopy but discovered it accidentally 
when withdrawing an esophagoscope, and as re- 
cently as 1985 Holinger et al” reported a case in 
which a posterior laryngeal cleft discovered at 
necrapsy had been missed during “many endoscopic 
procedures over several months.” Once a laryngeal 
cleft has been diagnosed, surgical repair does not 
seem to present much difficulty.*'*'°'*:"? 


Although still considered extremely rare, the 
number of congenital laryngeal atresias and clefts 
diagnosed each year should increase with more 
awareness of these malformations. With the excep- 
tion of those who had mild congenital webs that 
perm tted air entry into the trachea, all surviving 
patieats who had congenital laryngeal atresia had 
required a tracheotomy or tracheostomy. It might 
be acvisable to consider tracheotomizing all non- 
breathing neonates. This will permit the physician 
sufficient time to determine the severity of the 
larynzeal abnormality. 


SUBG_OTTIC STENOSIS 


The inclination of clinicians to regard all con- 
genital laryngeal atresias as subglottic is apparent in 
Fox and Cocker’s’® description of 16 cases recorded 
befor2 1964, four of which were said to be both 
supraglottic and infraglottic atresia and the rest 
subglottic. Fox and Cocker were the only authors I 
could trace who presented clear photographs of 
necrapsy specimens. These two specimens, slit open 
dorsally, have plugs of tissue obstructing the 
larynzeal lumen above the glottic level, involving 
arytenoid cartilages — yet the diagnosis was stated 
as “subglottic” atresia in both cases. I believe that 
the feur listed as being both supraglottic and sub- 
glottic atresia were examples of type 1 atresia and 
that the rest probably were type 2. This assumes 
that the original authors had made the same mis- 
take as Smith and Bain’ in believing that the intact 
EL below the partly formed vestibule was subglot- 
tic. 
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Fig 6. (Specimen SH101) Cricoid cartilage (C) surrounding 
infraglottic lumen viewed from below. Note invagination 
of dorsal wall of lumen. IG — infraglottic cavity, PhGD 
— pharyngoglottic duct, arrow — notch at lower border 
of cricoid (see Fig 5B-3). 


Stenosis of the infraglottis with a normal supra- 
glottic vestibule is extremely rare. Fearon and Cot- 
ton” suggested three types that appear possible: in 
one, the cricoid is normal in shape but small for age 
and weight; in the second, the cricoid is of normal 
size but is filled with excessive submucous fibrosis, 
narrowing the lumen; and in the third, the cricoid 
is of abnormal shape. If the vitality of the cricoid 
precartilage cells is affected during early develop- 
ment, this is likely to result in retarded development 





of the structure, either uniformly, forming a small 
cricoid, or irregularly, imparting an abnormal 
shape to the cricoid ring and perhaps causing steno- 
sis. 

During the period when the cricoid begins to 
chondrify, the cells of the mucous membrane and 
submucosa lining the infraglottic lumen proliferate 
rapidly. As the rate of proliferation exceeds the 
ability of the inner surface of the restricting cricoid 
to dilate to accommodate them, the cells must mi- 
grate dorsally, then herniate into the infraglottic lu- 
men from its dorsal aspect. This hernia is relatively 
large and obvious during the seventh week of gesta- 
tion (Fig 6). It is temporary, however, and by the 
time the laryngeal cavities are fully established the 
cricoid has enlarged sufficiently to accommodate 
the mucous membrane and submucosa, which now 
form a smooth inner lining of the annular cricoid 
cartilage. However, if the proliferation of the 
mucous membrane and/or submucous tissue is ex- 
cessive, it may fill the infraglottic lumen and thus 
obstruct it, as shown in the transverse section of 
case l of Tucker et al.”' 


CONCLUSION 


Careful examination of stillborn and young in- 
fants at necropsy, keeping in mind the possibility of 
laryngeal atresias, should reveal more type 1 and 
type 2 laryngeal atresias, laryngeal clefts, and other 
congenital abnormalities. These should be recorded 
and the data should be reported periodically or 
published to increase awareness of the problem. 
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ALTERNATE AND SIMULTANEOUS BINAURAL BITHERMAL 
CALORIC TESTING: A COMPARISON 
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PITTSBURGH, PENNSYL* ANIA 
CONEFAD WALL III, PHD DONALD B. KAMERER, MD 


BOSTON, MASSACHUSETTS PITTSBURGH, PENNSYLVANIA 


This study compares the results from simultaneous binaural bithermal arm alternate binaural bithermal caloric testing of 652 patients 
with dizziness. Also compared are the abilities of these tests to distinguish between a population of healthy asymptomatic subjects and our 
patient population. Caloric testing used a closed-loop irrigation system. Eye movements were monitored with electro-oculography. The 
ag-eement between the results from the two tests was low. Also, while the sim altaneous test was more sensitive, the alternate test was more 
specific. Using reeeiver-operator characteristic methodology, it was found tka’ the ability of the alternate test to distinguish between a 
healthy population and < patient population was superior to that of the simal-aneous test. There was no improvement in the ability to 
distinguish between a healthy population and a patient population when the e:ults from the two tests were combined as compared to us- 
ing the alternate ealoric test alone. 


KEY WORDS — caloric testing, electro-oculography, vestibular resporse 


INTRODUCTION The patients were an unselected group of persons 
refe-red to the Vestibular Laboratory at the Eye 
and Har Hospital of Pittsburgh during a 2-year 
perbd. No attempt was made to identify a par- 
ticu ar subgroup of these individuals. 


The simultaneous binaural bithermal caloric test, 
hereinafter referred to as the simultaneous test, has 
been advocated as a valuable adjunct to convention- 
al, that is, alternate binaural bithermal caloric test- 


ing.™* The purpose of this study was 1) to compare Fæalthy Subjects. Forty asymptomatic persons 
the results from the alternate and the simultaneous between 16 and 69 years of age (mean, 27.0) were 
tests and 2) to compare their ability to distinguish tested with both alternate and simultaneous testing. 
between a healthy population and a patient popula- Hea tay subjects were defined as persons who had 
tien. Also, our goal was to determine whether com- no history of otologic or neurologic disease. In addi- 
bining the results from the alternate and simulta- tion 2ach subject had to have normal oculomotor, 
neous tests improved the ability to distinguish be- posi ional, rotational, and posturography testing 
tween a healthy population and a patient popula- based on our laboratory’s criteria. This group of 
tien. heaEt y subjects can be considered to be a “super- 


normal” group. However, with no “gold standard,” 
the =f solute normality of our healthy subjects could 
not æ determined. Using such a population, we ex- 
pected fewer persons with abnormalities than 
wourc be expected in a population of more average 
individuals. As a result of using such a highly 
selected population, false-positive rates may have 


To compare the ability of each of the tests to dis- 
tinguish between healthy subjects and patients, we 
chose receiver-operator characteristic (ROC) meth- 
ocology. This statistical technique provides a quan- 
titative means of describing the ability of a test to 
sevarate two populations. Recently, ROC methods 
heve been used to assess the diagnostic efficacy of 
several clinical tests, especially in the field of 





radiology**; ROC methods also have been used for “ABLE 1. PRESUMED EFFECTS OF RVR AND DP 

evaluating otologic tests.™'° An advantage of the ON SIMULTANEOUS CALORICS 

ROC method is that the abilities of different diag- Difference Average 

nostic tests to distinguish between two populations Abno-reality SC SW (SC-SW) (SC +SW/2) 

can be compared to one another independently of Right FVR | More positive ais 

the specific scoring criterion used to determine the Left RFR | t More negative = 

normality of the test result. Right [+P f t — More positive 

Left DP | | — More negative 

METHODS RV— — reduced vestibular response, DP — directional preponderance, 


SC — simultaneous cold response; SW — simultaneous warm response, 
Patients. The patient population consisted of 652 | — efect of increasing slow component velocity of right-beating nys- 
4 tagmus, | — effect of increasing slow component velocity of left-beating 


persons between 5 and 91 years of age (mean, 50.3). nystagenus, dash — no effect. 
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REPRINTS — Joseph M. R. Furman, MD, PhD, Dept of Otolaryngology, Suite 1101, ye and Ear Hospital of Pittsburgh, 230 Lothrop St, Pittsburgh, PA 
15213. 
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TABLE 2 (PART 1). AGREEMENT BETWEEN ALTERNATE AND SIMULTANEOUS CALORIC TESTS 


Alternate 
Simultaneous Type Normal RVR DP Both RVR and DP 
I ( 50) 58.0% ( 29) 32.0% (16) 16.0% ( 8) 6.0% ( 3) 
II (276) 51.1% (141) 35.5% ( 98) A 6.2% (17) D 17.0% (47) 9.8% (27) 
III (106) 53.8% ( 57) 34.9% (37) 14.2% (15) A 7.6% (8) D 10.4% (11) 
IV (201) 66.7% (134) 25.4% (51) 13.9% (28) 6.0% (12) 


No. subjects in parentheses. 
A — agree, D — disagree. 


been underestimated for both the simultaneous and 
the alternate tests. 


Testing Techniques. All caloric tests were per- 
formed using a closed-loop caloric irrigator (Grams/ 
Brookler). All patients and normal subjects were 
tested with both simultaneous and alternate stimu- 
li. Simultaneous testing consisted of irrigating both 
ears simultaneously with either warm or cool wa- 
ter. All persons first received a simultaneous cold ir- 
rigation, then cold irrigation of each ear separately. 
About half of the subjects had the left ear irrigated 
prior to testing of the right. The others had the right 
ear tested prior to the left. We waited for 4 minutes 
between each of these three cold irrigations. Warm 
irrigations were performed 5 minutes following 
cold irrigations, starting with the simultaneous ir- 
rigation. Irrigation temperatures were 28°C and 
44°C, as these are the test temperatures recom- 
mended by the manufacturer of the closed-loop ir- 
rigator. Irrigations lasted for 40 seconds. During 
caloric testing, eye movements were monitored 
with electro-oculography (EOG) using silver-silver 
chloride electrodes affixed bitemporally; EOG elec- 
trodes also were placed above and below the right 
eye to record eye blink artifacts. The EOG signal 
was amplified using DC coupling with a high fre- 
quency filter of 40 Hz and recorded on chart paper. 
The EOG tracing was calibrated by instructing the 
subject to fixate on a target at + 10° horizontal. 


Scoring of Caloric Responses. For alternate test- 
ing, the peak slow component velocity was deter- 
mined by averaging the slow component velocity of 
three beats at the peak of the response that typically 
occurred between 60 and 90 seconds following the 
onset of irrigation. This peak slow component ve- 
locity measure for each of the four alternate irriga- 
tions then was used to compute a percent reduced 
vestibular response (RVR) and percent directional 
preponderance (DP) using Jongkees’ formula.'':? 
The RVR and DP values were used to assess the 
presence or absence of an RVR or DP by using 


threshold criteria. 


For simultaneous testing, we searched for the 
presence of nystagmus between 30 and 90 seconds 
after the onset of irrigation. Typically, nystagmus 
was considered present if there were at least five 
beats whose slow component velocity exceeded 3°/s. 
We used the conventional technique of Brookler' to 
characterize responses as either type I, II, III, or IV 
depending on the presence and direction of the in- 
duced nystagmus. It has been suggested that type I 
equals a normal, bilaterally reduced, or bilaterally 
hyperactive response, type II equals an RVR, type 
III equals a DP, and type IV equals a nonspecific 
abnormality." As will be described below, we also 
evaluated the simultaneous test responses with oth- 
er techniques that were suitable for our statistical 
methods. 


Receiver-Operator Characteristic Methods. In 
order to compare the ability of the alternate and the 
simultaneous tests to distinguish between our 
healthy and patient populations, we used ROC 
methodology.*'* The ROC was generated by plot- 
ting sensitivity-specificity pairs for each test. We 
use the term sensitivity (and hit rate) to mean that 
proportion of the patient population that was deter- 
mined to have an abnormal test result. We use the 
term specificity (which equals one minus the false- 
positive rate) to mean that proportion of the healthy 
population that was determined to have a normal 
test result. 


Without a “gold standard” to determine abso- 
lutely which persons are truly normal and which 
persons are truly abnormal, the sensitivity is in re- 
ality that portion of our patient population judged 
to be abnormal. Given the unselected nature of our 
patient population, this true-positive rate is likely to 
be lower than the sensitivity that would be found if 
the patient population were instead a selected 
group of persons with known vestibular abnormali- 
ties. Thus, the sensitivity (and hit rate) for the alter- 


TABLE 2 (PART 2). AGREEMENT BETWEEN ALTERNATE AND SIMULTANEOUS CALORIC TESTS 


Simultaneous Type 


Alternate Abnormality I III IV 
RVR (219) 7.3% (16 44.7% (98) A 7.8% (17) D 16.9% (37) 23.3% (51) 
DP (106) 7.5% 3 44.3% (47) 14.2% (15)A 7.6% (8)D 26.4% (28) 


No. subjects in parentheses. 
A — agree, D — disagree. 
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Fig 1. Bar graphs of likelihood of 
finding type II or type III simul- 
taneous response given percent re- 
duced vestibular response (RVR) 
or directional preponderance (DP) 
on alternate testing. A) Likelihood 
of type II given percent RVR. B) 
Likelihood of type III given per- 
cent DP. 10 
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nate and the simultaneous tests using our patient 
population probably is underestimated. The lack of 
a “gold standard” also influences the specificity 
measure, because we have no way of absolutely 
determining the normality of the healthy popula- 
tion. However, given the highly selected nature of 
this group, it is likely that the specificity of both the 
alternate and simultaneous tests is overestimated. 


In order to compute an ROC, sensitivity-specific- 
ity pairs need to be generated by varying the thresh- 
old criteria used to determine normality. To alter 
the criteria for the alternate test, we varied the per- 
cent RVR or DP value from Jongkees’ formula that 
was considered to be abnormal. However, for the 
simultaneous test, using the conventional method of 
Brookler,' no quantitative value was available that 
could be used to alter the severity or laxity of the 
normality criteria. Therefore, we developed two 
nonconventional methods for evaluating the simul- 
taneous test in a quantitative fashion so that nor- 
mality criteria could be changed. Then we were 
able to alter the sensitivity and specificity of the si- 
multaneous test, generate sensitivity-specificity 
pairs, and thus compute an ROC. 


Each of the nonconventional methods for quanti- 
tating the simultaneous test response required mea- 
suring the peak slow component velocity attained. 
Peak slow component velocity was measured using 
techniques similar to those described for scoring the 
alternate test. The first of the nonconventional 
methods for scoring the simultaneous test response 
considered the nystagmus elicited by a simultaneous 
stimulation to be insignificant if the peak slow com- 
ponent velocity following irrigation did not exceed 
a particular threshold. For example, a person was 
judged to have a type II response on simultaneous 
testing only when right-beating nystagmus in which 
the peak slow component velocity exceeded a 
threshold value was seen following simultaneous 
warm irrigations and left-beating nystagmus in 
which the peak slow component velocity exceeded 
that same threshold value was seen following simul- 
taneous cool irrigation. By increasing the value of 
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this threshold, a larger proportion of persons was 
judged to have normal responses and fewer persons 
were judged to have abnormal responses. The si- 
mu! aneous test could thus be made more or less 
sens tive and commensurately less or more specific. 


Asecond nonconventional method of quantifying 
the sesponse to simultaneous testing (so that an 
ROC could be generated) also was used. We com- 
puted the difference between and the average of the 
peat slow component velocities generated during 
simt taneous warm and simultaneous cool irriga- 
tion. We presumed that an RVR increases the dif- 
fereace between the peak slow component velocities 
duri g simultaneous cold and simultaneous warm 
irristions (Table 1). The presumed effect of a DP, 
howe=ver, is to cause no chante in the difference be- 
tween the responses to cold and warm irrigation but 
rather to alter the average of the responses to cold 
and »varm irrigation. These two values, the differ- 
ence between and the average of the simultaneous 
respanses, provide quantitative measures allowing 
the criteria for normality of the simultaneous test to 
be esanged and thus allowing an ROC to be gener- 
ated. 


Vwe also wished to address the question of 
whe ter the ability to distinguish between our 
heal ay and patient populations could be improved 
by cerforming both the alternate and the simulta- 
neots tests. To help answer this question, we gener- 
ated an ROC for the combined use of the two tests. 
To oo this, an algorithm was developed that com- 
bine the results from the simultaneous and alter- 
nate tests in such a way that a normality criterion 
coul be applied and thus sensitivity-specificity 
pair: generated. Using this algorithm, persons were 
judged to have an RVR if their percent RVR from 
Jongtees’ formula exceeded a particular threshold 
value. If the person’s percent RVR from Jongkees’ 
formula was below that particular threshold. but 
between that threshold and the threshold minus ten 
pere=ntage points, the result from simultaneous 
testiag according to the conventional criteria of 
Broctler’ served as an additional measure. Only if 
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the simultaneous test revealed a type II RVR in the 
same direction as the alternate test was the person 
judged to have an RVR. For example, if the thresh- 
old for RVR on alternate testing was set at 25% and 
a patient had a 20% RVR as determined by Jong- 
kees’ formula, the patient would be judged as ab- 
normal only if simultaneous testing showed a type 
II RVR in the same direction. 


RESULTS 


We determined the agreement between the re- 
sults of alternate and simultaneous binaural bither- 
mal caloric testing in our patient population. Some 
of our cases (2.9%) showed absent responses on 
both alternate and simultaneous testing. These per- 
sons’ responses were not used in further evaluation 
of the data. For alternate testing we used normality 
criteria of 25% for RVR and 30% for DP using 
Jongkees’ formula. For simultaneous testing, we 
used the conventional criteria of Brookler' to estab- 
lish the type of the response. Shown in Table 2 are 
the agreement and disagreement data for the simul- 
taneous and alternate tests. In general, the agree- 
ment between the simultaneous and alternate test 
results was low. Of note is that 17 cases, or 2.7% of 
our patient population, showed RVRs on simulta- 
neous and alternate tests that disagreed regarding 








Fig 2. Receiver-operator charac- 
40 60 80 100 teristics (ROCs) for assessment of 
RVR using caloric testing. A) Al- 
ternate testing. B) Simultaneous 
testing using threshold value (see 
text). C) Simultaneous testing us- 
ing difference method (see text). 
D) Superimposition of ROCs for 
alternate and simultaneous test- 
ing. 
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the side of reduction. Frequently, the simultaneous 
test showed either an RVR or DP that was not 
shown on the alternate test and vice versa. 


Using a criterion of 25% for RVR, the alternate 
test had a sensitivity of 33.5% and a specificity of 
92.5%. Using the conventional criteria of Brookler! 
for type II responses, the simultaneous test had a 
sensitivity of 44% and a specificity of 62.5%. Thus, 
the alternate test is more specific, while the simulta- 
neous test is more sensitive. 


Figure 1A illustrates the likelihood of finding a 
type II RVR on simultaneous testing as a function of 
the percent RVR on alternate testing. Figure 1B 
shows the likelihood of finding a type III DP on 
simultaneous testing as a function of the percent DP 
on alternate testing. It can be seen that persons with 
an RVR of less than 30% on alternate testing have 
approximately a 25% chance of showing a type II 
RVR on simultaneous testing. With an RVR on al- 
ternate testing greater than 30%, the likelihood of a 
type II RVR on simultaneous testing is about 50%. 
Also, with a DP on alternate testing, the likelihood 
of a type III response on simultaneous testing is 
small. These findings are in agreement with the 
data in Table 2, which indicate a relatively poor 
agreement between the simultaneous and alternate 
caloric tests. 


> a 
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Fig 3. Superimposition of ROCs for DP for alternate and 
simultaneous testing. 


Receiver-Operator Characteristic Analysis. The 
results of ROC analysis for RVR on alternate caloric 
testing are shown in Fig 2A. The abscissa represents 
the false-positive rate based on an evaluation of 40 
healthy asymptomatic subjects. The ordinate repre- 
sents hit rate, ie, the proportion of patients judged 
te have an RVR. Each point on the graph represents 
a-sensitivity-specificity pair. Data points toward the 
lewer left corner represent the application of a strict 
normality threshold criterion, while data points to- 
ward the upper right corner represent the applica- 
tn of a lax normality threshold criterion. The di- 
azonal line represents the ROC expected by chance 
aone. Highlighted on Fig 2A is the operating point 
on the ROC when a threshold criterion of 25% 
FVR is used. This operating point results in a sen- 
sitivity of 33.5% and a specificity of 92.5%. By 
making the threshold for normality less strict, for 
example by using 20% RVR as the threshold for 
normality, the sensitivity would increase to 41.2% 
but the specificity would decrease to 85%. Figure 
28,C depicts the ROCs generated by using the two 
techniques described in the Methods section for 
evaluating the response to simultaneous testing, 
namely the variable threshold technique and the 
difference/average technique. Highlighted on Fig 
2B is the operating point on the ROC when a 
threshold of zero is used, ie, the conventional scor- 
ing technique of Brookler.' Figure 3 shows a com- 
parison of the ROC from simultaneous and alter- 
rate testing for DP. 


It can be seen from the data that the ability of the 
smnultaneous test to distinguish between our 
healthy and patient populations using RVR or DP is 
lew. In fact, the simultaneous test gives results that 
are nearly those that would be expected by chance 
aone. Figure 2D depicts the superimposition of the 
aternate and simultaneous ROCs. It can be seen 
that for a given specificity (ie, the proportion of 
healthy subjects judged to be normal) the alternate 
caloric test has a higher sensitivity (ie, the propor- 
tion of patients judged abnormal) than the simul- 
taneous caloric test; and for a given sensitivity, the 
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Fic 4. Superimposition of ROCs for RVR for alternate test- 
ing and for results of algorithm that combines results from 
simultaneous and alternate testing. 


alternate caloric test has a higher specificity. Thus, 
despite the fact that the simultaneous test has a 
higher sensitivity (using the conventional criteria of 
Brosxler' for scoring), ROC analysis indicates that 
the false-positive rate is so high (and thus the 
specificity so low) that the test is not well suited to 
distimguish our healthy population from our patient 
population. Moreover, if the threshold criterion for 
the alternate test is changed so that the alternate 
test has the same sensitivity as the simultaneous test, 
the-alternate test is more specific. 


Figure 4 shows the superimposition of the ROC 
for the alternate test and the ROC for the combina- 
tion of results from alternate and simultaneous test- 
ing using the algorithm destribed in the Methods 
section. It is evident that using our algorithm we 
find no change in the ability to distinguish our 
healthy population from our patient population us- 
ing the results from both tests as compared to using 
the results from the alternate test alone. 


DISCUSSION 


This study compared the results from simulta- 
neous binaural bithermal and alternate binaural bi- 
thermal caloric testing of an unselected patient pop- 
ulation. Our data indicate a poor agreement be- 
tween the simultaneous and alternate tests. The 
reasons for such a poor agreement may include the 
inherent variability of caloric testing due to varia- 
tions in thermal conductivity of the temporal bone. 
Also, the simultaneous test is difficult to perform, 
because both ears have to be irrigated at the same 
time. Further, the simultaneous caloric test is fun- 
damentally different from the alternate caloric test. 
Whereas the alternate test creates a difference in ac- 
tivity between the right and left horizontal am- 
pullary nerves, the simultaneous test excites or in- 
hibits both the right and the left nerves simulta- 
neously. The effect of such simultaneous stimula- 
tion of the labyrinth and thus of the brain stem is 
not known, as no physiologic stimulus excites both 
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ampullae simultaneously and CNS recordings from 
animals during simultaneous caloric testing are not 
available. Our results suggest that although the 
response to simultaneous testing can be denoted as 
RVR (type II) and DP (type III), these categories 
may not be directly comparable to the RVR and DP 
as determined by alternate testing. 


This study also compared the abilities of the si- 
multaneous and the alternate caloric tests to distin- 
guish between a population of healthy subjects and 
a population of unselected patients. Because of the 
lack of a “gold standard” for any vestibular test, our 
study could only compare the alternate and simul- 
taneous tests with regard to their ability to distin- 
guish between our healthy population and our pa- 
tient population, rather than assess the ability of 
these tests to distinguish truly normal from truly 
abnormal persons. Using ROC analysis, we found 
that the simultaneous test is inferior to the alternate 
test in its ability to distinguish between our two 
populations. Also, there appeared to be no improve- 
ment when an algorithm was used to combine the 
results from the two tests. Our algorithm is a simple 
and logical method, and other algorithms for com- 
bining the simultaneous and alternate test results 
might yield a different conclusion. Our choice of an 
unselected patient population yields worst-case 
ROCs, thereby underestimating the ability of both 
the simultaneous and the alternate tests to distin- 
guish a healthy from a patient population. 





Aside from their difference in ability to distin- 
guish our healthy from our patient populations, the 
alternate and simultaneous tests have several other 
distinguishing attributes. 


1. The alternate test can identify both an RVR and 
a DP, while the simultaneous test can identify 
only an RVR or a DP. 

2. The simultaneous test may give ambiguous re- 
sults when the nystagmus response is of very low 
amplitude. In these cases, one interpreter might 
judge the response to be absent, and another 
might judge the response to be either right- or 
left-beating, thus changing the classification of 
response type. 

3. If the time course of the thermal response of the 
two ears is different, nystagmus following simul- 
taneous testing may be right-beating at one time 
in the course of the response and left-beating 
shortly thereafter, making response classifica- 
tion difficult. This was observed in 10% of nor- 
mal subjects. 

4. With alternate testing, there is the opportunity 
to repeat one or more of the irrigations if there is 
a discrepancy noted between the response to a 
single irrigation and the response to the other ir- 
rigations. In our laboratory, approximately 20 % 
of patients have at least one alternate irrigation 
repeated. With simultaneous testing, however, 
there is no opportunity for such a judgment to be 
made regarding repeat irrigation. 
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LATERAL CERVICAL (BRANCHIAL) CYST EPITHELIA EXPRESS 
UPPER DIGESTIVE TRACT-TYPE CYTOKERATINS 


POLYCLONAL ANTIBCDY STUDIES 
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The epithelial lining of lateral cervical cysts (LCCs) was analyzed for keratin polypeptide composition by means of high resolution gel 
electrophoresis and immunoblotting using polyclonal rabbit antikeratin antisera of defined specificity. The keratin phenotype expressed in 
branchial mass epithelia was found to be homologous to the profiles obtainec fer the squamous epithelium of corresponding palatine ton- 
sis, but was clearly different from related polypeptide complements of both exidermis and simple (columnar) epithelium. The presence of 
particular keratin members (pairs 5/14 and 4/13) strongly indicates that braachial mass inner lining derives from keratinocytes that are 
programmed to form a stratified squamous epithelium and reveal, at least biochemically, an upper digestive tract or esophageal type of dif- 
ferentiation. On the basis of these data and the recent finding that a neck l=mph node is involved as a target tissue in LCC formation, 
hypotheses concerning branchial mass histogenesis in general appear to be higaly unsettled. We propose an alternative model that may ex- 
plain the conflicting clinical, anatomic, and morphologic findings associatec with LCC disease. 


KEY WORDS — branchial mass epithelium, branchial mass histogenesi , intermediate-sized filaments, keratin polypeptides, lateral 


cervical cyst. 


INTRODUCTION 


Lateral cervical (branchial) cysts (LCCs) are 
characteristically composed of abundant lymphoid 
tissue and an inner epithelial lining.’ Except for the 
far less frequent condition in which an upper respi- 
retory and digestive tract primary lesion gives rise 
tc cystic metastatic cancer,’ the formation of an iso- 
lated cystic lymphoepithelial mass in the lateral 
neck appears unique. The most popular suggestions 
as to its origin include defective resolution of bran- 
chial structures such as precervical sinus? or second’ 
or third’ pharyngeal pouch. However, the precise 
embryologic tissues involved and, in particular, the 
sequence of events that would lead to the mass are 
stll in dispute. '*’ 


Because of the close association of lymphoid tis- 
sæ and squamous epithelium, King® first referred 
to corresponding lesions as lateral lymphoepithelial 
cysts. Furthermore, he proposed a neck lymph node 
as the cyst’s genuine precursor. The lymph node 
may undergo typical histogenesis by an epithelium 
or ginating, for example, from lymph node endo- 
thelial cells. Alternatively, Bhaskar and Bernier’ 
considered most branchial masses to arise from pa- 
rotid gland epithelial cells entrapped in upper cer- 
vieal or, more frequently, periparotid lymph nodes 
during the early stages of fetal development. 


Tne diverse sinuses in branchial mass lymphoid 
tissue demonstrated by the presence of factor VIII- 
expressive endothelial cells, and the particular ar- 
rangement and cellular composition of follicles and 
inte-follicular areas, provide the strongest experi- 
mertal evidence that a lymph node is a key tissue in 
LCC histogenesis.'*° The nature and origin of the 
epitaelial component involved, however, have been 
unc#ar. 


T> address these questions at a molecular level, 
we Ë ave assayed LCC inner linings for keratin poly- 
peptides using biochemical procedures such as elec- 
tropnoresis and immunoblotting. Keratins (cytokera- 
tins) comprise a heterogeneous yet chemically related 
famdy of water-insoluble proteins competent of form- 
ing 10 nm-thick or intermediate-sized filaments 
(IFs in all epithelia.‘ Of about 20 cytokeratins 
descmibed and catalogued in humans so far,'? com- 
posi ienally different subsets of polypeptide mem- 
bers-:may be expressed specific for diverse epithelial 
cells and tissues including their program of differen- 
tiatiom and, for example, their state of disease. '> +4 


Bzsed on the tissue type-specific expression of 
keracin proteins and on the particular keratin phe- 
notyde expressed in branchial mass epithelia, we 
show that the tissue in question is 1) actually kera- 
tinoe yte-derived, 2) squamous nonkeratinizing in 
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TABLE 1. SELECTED PERSONAL AND CLINICAL DATA 


Neck Masses 
Neck Dimensions 
Patient Age Sex Site (cm) Comments* 
l 39 F R 6x4 
2 17 M L — 
3 26 F L — 
4 20 M R 5x5 | 
5 24 M R 6x3 3 
6 27 M L 4x4 
7 34 F R 5x3 
8 13 F L 4x4 4 
9 46 F L 5x3 
10 67 F L 4x3 
11 21 F R 5x4 5,6 
12 50 M R 5x4 
13 49 M R 6x4 
14 15 M R tE p 
15 31 M L 5x3 
16 26 F L 4x3 


*Numbers refer to keratin patterns shown in Figures: 1 — Fig 2, lane 
lb; 2 — Fig 3, lanes 3 and 6; 3 — Fig 2, lane 4b; 4 — Fig 2, lane 2b; 
5 — Fig 2, lane 3b; 6 — Fig 4, lanes 2 and 4. 


type, and 3) of upper digestive tract (UDT)-related 
cytoskeletal differentiation. “Import” into a neck 
lymph node and proliferation of oropharyngeal cells 
(probably Waldeyer’s ring crypt epithelial cells) 
could give rise to a tissue of frank squamous compo- 
sition and is proposed to be the central step in LCC 
histogenesis and disease. 


MATERIALS AND METHODS 


Surgical Specimens. Eight left and eight right 
neck masses diagnosed both clinically and histolog- 
ically as LCCs were obtained from individuals 13 to 
67 years of age. Head and neck history was other- 
wise unremarkable, except for some recurrent phar- 
yngitis and chronic inflammation of the palatine 
tonsils. In four patients, tonsils were removed fol- 
lowing extirpation of the cyst. The neck masses, 
ranging in diameter from 3 to 6 cm, were immedi- 
ately incised, delivered from their cloudy, yellowish 
fluid, washed several times with ice-cold Hepes- 
buffered Earle’s balanced salt solution (EBSSH), 
and processed for both biochemical experiments 
and histologic examinations. Selected personal and 
clinical data are listed in Table 1. 


Epithelial Tissues and Preparation of Cytoskele- 
tal Enriched Protein Fractions. Interfollicular epi- 
dermis of the neck, the lining epithelium of palatine 
tonsils and cervical cysts, and columnar epithelium 
of nasal conchae were dissected from the underlying 
connective tissue either by heating the specimen to 
60°C for 5 minutes or by excising it under micro- 
scopic control with fine scissors. Pure epithelial 
sheets were washed several times with ice-cold 
EBSSH and either homogenized immediately or 
stored at — 70°C. Washed epithelium was homoge- 
nized in 25 mM Tris-HCl, pH 7.4, containing 1 mM 
phenylmethylsulfony! fluoride and 5 ng/mL each of 


pepstatin and antipain, with a Potter-Elvehjem in- 
strument first and a Branson sonifier second. Mate- 
rial then was extracted twice with a solution con- 
taining 600 mM KCl, 5 mM EDTA, 5 mM EGTA, 
50 mM Tris-HCl, pH 7.4, and 1% (w/v) Triton 
X-100, plus protease inhibitors at the concentration 
described above. Cytoskeletal residues highly en- 
riched in keratin polypeptides were obtained as the 
pellet fraction of a 40,000 times gravity centrifuga- 
tion step and solubilized in the appropriate electro- 
phoresis sample buffer. 


Gel Electrophoresis. Vertical one-dimensional poly- 
acrylamide gel electrophoresis (PAGE) in the pres- 
ence of sodium dodecylsulfate (SDS) was performed 
basically according to Laemmli.’® The special mass 
ratio of acrylamide to bisacrylamide essential for 
proper resolution of keratin proteins is detailed else- 
where. '’ Polypeptides were designated according to 
the catalog of human cytokeratins’? and its ex- 
tended version.'’'"® 


Electrophoretic Transfer Immunoblot Analysis 
(Western Blotting). The procedure of Towbin et al’? 
was followed. Briefly, cytoskeletal proteins were 
separated by SDS-PAGE and transferred electro- 
phoretically to a nitrocellulose paper (paper No. BA 
85, Schleicher & Schuell, Dassel, Federal Republic 
of Germany) after short equilibration of the gel. 
Nonspecific protein-binding sites were blocked by 
washing the sheet for 1 hour with a solution con- 
taining 3% gelatin. After incubation overnight 
with polyclonal rabbit antikeratin antisera at ap- 
propriate dilutions (indicated in the legends of Figs 
3 and 4), the nitrocellulose papers were developed 
with goat-anti-rabbit immunoglobin conjugated to 
horseradish peroxidase (BioRad Laboratories, Rich- 
mond, Calif) as second antibody and 4-chloro-1- 
naphthol and H202 as substrates. The subfamily- 
and single chain-specific antikeratin antibodies 
used in this study were raised in rabbits by applica- 
tion of chromatographically purified human kera- 
tin proteins, and they were found upon immuno- 
blotting to exclusively recognize basic keratins 1, 2, 
4,5, 6, and 8 (antibody 10-2/2) and acidic keratin 
13 (antibody 6-2/1), respectively. 


RESULTS 


Tissue Type-Specific and Interindividually Dif- 
ferent Expression of Keratins. The branchial mass 
inner lining is a stratified squamous tissue. In some 
cases, interspersed columnar and goblet cells as well 
as transitional cells have been described':”° that may 
resemble respiratory and urogenital tissue, respec- 
tively. To classify LCC epithelia by their keratin 
polypeptide composition with a reasonable degree 
of confidence, we relied on the fact that morpholog- 
ically different epithelial tissues can be character- 
ized by distinct keratin phenotypes. 


Figure 1 compares electrophoretically separated 
cytoskeletal proteins of normal columnar (lane 1) 
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Fg 1. Tissue type-specific and in- 
terindividually different expression 
of keratins prepared from columnar 
epithelium of nasal conchae (lane 
1), squamous nonkeratinizing epi- 
thelium of palatine tonsils of three 
individuals (lanes 2a-2c). and inter- 
folicular epidermis of external ear 
(lene 3). Proteins were separated elec- 
trephoretically on 12.5% polyacryl- 
amide gel and visualized by Coo- 
massie blue staining. Numbers de- 
nete individual cytokeratins. a — 
acin, b — polypeptide of apparent 
molecular weight 36,000 daltons co- 
isclating with keratin filaments (see 
Dsscussion). 67 k, 43 k — relative 
p&ition of bovine serum albumin 
amd ovalbumin, respectively, used 
asmolecular weight standards. Note 
individually different patterns (2a, 
2t, 2c) as result of polymorphic ex- 
pression of basic keratins 4a, 4b and 
5a, 5b, respectively. 


ard squamous nonkeratinizing epithelium (three in- 
dividuals) (lanes 2a-2c) as well as of normal inter- 
fo licular epidermis (lane 3). As a “simple” type, 
columnar epithelium predominantly contains two 
keratins, ie, the neutral-to-basic protein number 8 
ard the acidic cytokeratin 19. The multistratified 
sheets that line the major part of the UDT, in- 
cluding the palatine tonsils, express a more complex 
set of keratins; and members 4, 5, and 6 (basic) and 
13 and 14 (acidic) are well accepted as accounting 
for the major species in this type of epithelium. '?"!’ 
In contrast, the terminally differentiated human 
epidermis lacks the mucous membrane “marker 
keratins” 4 and 13, but characteristically syn- 
thesizes, in addition to proteins 5 and 14, the 
po.ypeptide members 1l and 10, both indicative of 
true keratinization or an epidermislike pattern of 
ditferentiation.“ General information on the typi- 
ca keratin members characterizing the epithelial 
type is summarized in Table 2. 


In human stratified epithelia, the subunit compo- 
sition of IFs varies from individual to individual. 
This is because keratins 1, 4, 5, and 10 each consist 
of two variants (a, b) that are expressed at an incon- 
stant rate (a v b, where v = and/or) to give rise to 
compositionally diverse gel patterns.'’''® Interindi- 





=—tlavib 467k 
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vidva ly different cytokeratin complements are 
showa: in Fig 1, lanes 2a-2c, for UDT (tonsillar) epi- 
thelium. For example, IF proteins separated in Fig 
1, lam2 2c, contain within the two sets of inconstant 
keratias both varying forms, ie, polypeptides 4a, 4b 
and Za, 5b, whereas the cytoskeletal material shown 
in Fiz 1, lanes 2a and 2b, is composed of variants 
4a, 5 and 4b, 5b, respectively, in addition to the 
constent keratins 6, 13, and 14. In general, the pos- 
sible subunit composition of IFs may be described 
by the formula (4a v 4b) + (5a v 5b) + 6 + 13 + 
14, and (lav 1b) + (5av 5b) + (10av 10b) + 14 
for aermal UDT epithelium” and normal inter- 
folliealar epidermis,'*® respectively. 


Idex-tification of Major Keratin Proteins and Pat- 
terns of Expression in Branchial Mass Epithelia. 
Basec on precise knowledge of tissue-specific kera- 
tin phenotypes and of individually different pattern 
variants that arise, most likely, from polymorphic 
keratm genes,'’'* analysis of cytoskeletal proteins 
shouid yield useful information concerning type 
and organization, as well as the possible origin, of 
branct ial mass epithelia. 


Fiæ re 2 compares side-by-side the gel patterns of 
cytoskeletal polypeptides prepared from both pala- 


TABLE 2. CLASSIFICATION OF EPITHELIAL CELLS AND TISSUES ANC PROGRAMS OF EPITHELIAL DIFFERENTIATION 
IN TERMS OF KERATIN EXERESSION 





Eeratin Subfamily 
Easic Acidic 
(Tepe II) (Type D 
l @uvb) 10 (avb) 


Marker for 
Skin type of differentiation 


4 vb) 13 


5 (av b) 14 Keratinocytes 
6 16 Hyperproliferative state 
7, 8 17, 19 Simple epithelia 


Upper digestive tract type of differentiation 


Related Tissues 


Normal epidermis, hard palate and gingival epitheli- 
um, Reinke-type vocal cord epithelium 


Tongue, tonsillar, esophageal epithelium 
Stratified epithelia 
Psoriatic epidermis, epithelial neoplasms 


HeLa cells, mesothelial cells, glands, columnar epitheli- 
um 
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467k Fig 2. Keratin phenotypes expressed 
in tonsillar and branchial mass epi- 
thelia. Cytoskeletal residues were 
prepared from heat-dissected epithe- 
lia of both palatine tonsil (lanes la, 
2a, 3a, 4a) and cervical cyst (lanes 1b, 
2b, 3b, 4b) of four individuals (pa- 
tients 4, 8, 11, and 5, respectively, of 

443k Tables 1 and 3), separated on one-di- 
mensional 12.5% polyacrylamide gel 
and visualized by Coomassie blue 
staining. For lettering, see Fig 1. Note 
expression of identical polymorphic 
keratin subsets in both tissues. 


a b a b a b a 
1 2 3 


tine tonsil and cervical cyst of four individuals. 
These were selected from a total of 16 cases because 
specimens of both tissues were available (see Mate- 
rials and Methods). All LCC epithelia (lanes 1b, 2b, 
3b, 4b) express a complex spectrum of water-insolu- 
ble polypeptides whose apparent molecular mass 
closely matches the position of related proteins pres- 
ent in the stratified epithelium of the corresponding 
palatine tonsil (lanes la, 2a, 3a, 4a). In particular, 
both tissues contain identical though individually 
different variants within the two sets of polymorph- 
ic cytokeratins as demonstrated, for example, in 
lanes la and lb for keratins 4a/4b and 5a/5b, re- 
spectively. The minor variation in the relative 
abundance of some cytokeratins, for example, of 
members 4/13, 6, and 14 (lanes 2a, 2b), may be ex- 
plained in part by different protein loads in the 
course of electrophoresis and by some unspecific 
proteolytic degradation. Most likely to a greater ex- 
tent, however, altered proportions of basal and su- 
prabasal cells, which express different keratin mole- 
cules, may give rise to aberrant keratin patterns as 
demonstrated, for example, in Fig 2, lane 4b (see 
Discussion). 


Fig 3. Identification of basic (type II) keratins by Western 
blot analysis. Intermediate-sized filaments were prepared 
from neck epidermis (lane 1), tonsillar epithelium (lane 2), 
and inner lining of cervical cyst (lane 3) of one individual 
(patient 4) and analyzed for keratin composition by SDS- 
PAGE (lanes 1-3). Replica was probed with 10-2/2 poly- 
clonal antikeratin antiserum at 1:200 dilution. Note exclu- 
sive reaction (lanes 4-6) of high molecular weight keratins 
that belong to basic subfamily as judged from analysis on 
two-dimensional gel system.'”'® For lettering and molecu- 
lar weight markers, see Fig 1. 





b 


The precise analysis and designation of keratins 
expressed in any one epithelial cell or tissue necessi- 
tates separation on two-dimensional gels in order to 
discriminate between high molecular weight basic 
(type II) and low molecular weight acidic (type I) 
keratins. Alternatively, resolution on one-dimen- 
sional gels and subsequent immunoblotting of repli- 
cas may suffice if antibodies can be applied capable 
of distinguishing the basic and the acidic subfamily 
or of recognizing an individual cytokeratin member 
(see below). 


Figure 3 shows a one-dimensional separation of 
total keratin prepared from the neck epidermis 
(lane 1), the epithelial lining of palatine tonsil (lane 
2), and the cervical cyst (lane 3) of one individual, 
and the corresponding recognition patterns (lanes 
4-6) obtained upon immunoblotting with our 
10-2/2 polyclonal rabbit antikeratin antibody. This 
antiserum was raised against keratin 5b purified to 
homogeneity in milligram amounts from squamous 
epithelia of palatine tonsils. It is exclusively sensi- 
tive to basic keratin proteins and qualitatively 
equivalent to the well-known AE3 monoclonal anti- 


— la+b 467k 
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Fig 4. Identification by immunoblotting of major acidic 
(type I) keratin 13. Water-insoluble residues were pre- 
pared from epithelia of palatine tonsils (lane 1) and bran- 
chial cyst (lane 2) of one individual (patient 11). Following 
electrophoretic transfer of proteins, nitrocellulose sheet 
was probed with 6-2/1 polyclonal rabbit antikeratin anti- 
serum (diluted |:1,00)). It is exclusively immunosensitive 
to keratin 13 expressed at identical levels in both tonsillar 
(lane 3) and cyst (lane 4) epithelium as judged from 1:1 ra- 
tio of stained protein bands. For lettering, see Fig 1. 


keratin antibody.”! Of the epidermal, tonsillar, and 
LCC keratins, only polypeptide members 1la/1b, 
4a/4b, 5a/5b, and 6 were recognized, whereas, for 
example, the protein bands that correspond to the 
acidic cytokeratins 10b, 13, and 14 remained un- 
stained. If for protein analysis we had relied only on 
one-dimensional separation and conventional (Coo- 
massie blue) staining, we could by no means have 
avoided mismatching the protein labelled as keratin 
6 in lanes 5 and 6 with acidic keratin 10b variant 
(lane 1), because both members show a nearly iden- 
tical electropheretic mobility. On the other hand, 
expression of basic keratins l(a v b) and 8 (Fig 1, 
lene 1), which would be indicative of partial kera- 
tinization and/or the presence of some simple epi- 


the ial cells in both tonsillar and branchial mass in- 
ner | nings, would be easily recognized by the ap- 
pearance of corresponding protein bands upon im- 
mu eblotting with 10-2/2 antibody. 


I; squamous nonkeratinizing epithelia, keratin 
13 s most abundant within the acidic (type I) sub- 
farrily, and specifically forms a “pair” with basic 
keratin 4(a v b) as defined by both coexpression'*”” 
anc sormation in vitro of heteropolymers from iso- 
lated protein subunits.” Its presence in most LCC 
inner linings at a level that is considered typical for 
normal UDT epithelia is demonstrated by immuno- 
blo-tmg with our polyclonal 6-2/1 antikeratin an- 
tibody. This antiserum was raised in rabbits against 
a hichly homogeneous preparation of keratin 13 
anc -ecognizes, among UDT-related cytoskeletal 
pro eins, the antigen proper. The result of a typical 
We-tern blot experiment is shown in Fig 4. From 
the 1 1 ratio of the immunochemically stained pro- 
teir tands (lanes 3, 4) we conclude that both tonsil- 
lar (kane 1) and branchial (lane 2) tissues contain 
equa amounts of the acidic keratin 13. The pres- 
enc. for example, of columnar cells in these epithe- 
lia would be indicated, as already mentioned 
aboawe, by expression of basic keratin 8 (Fig 1, lane 
1) and would be easily recognized by reduced stain 
as € result of partial interference of cytokeratins 8 
anc 13, which show quite a similar mobility in this 
one-cimensional gel system (Fig 1, lanes 1, 2a). The 
diverse keratin phenotypes, expressed in 16 differ- 
ent LCC epithelia and established by one-dimen- 
siora immunoblotting using, 10-2/2 and 6-2/1 poly- 
clor al antikeratin antibody, are listed in Table 3. 


DISCUSSION 


LCC Epithelia Express UDT Acidic (Type I) and 
Base (Type II) Keratins. Using polyclonal anti- 
bodies of well-defined specificity as the principal 
tool we have characterized, at least in part, the 


TABLE 3. KERATIN PHENOTYPES EXPRESSED IN BRANCHIAL MASS EPITHELIA 


KeratinSubfamily 


Basic (Type II) Acidic (Type I) 
Patient la 1b 4a 4b 5a 5b 6 8 10a 10b 13 14 16 17 19 
l + ++ + ++ + + 
2 + + ++ ++ ++ ++ - + + 
3 + + ++ + + + 
4 ++ ++ + + + + + + + + + 
5 + + + ++ ++ ++ 
6 + + + + + + + + + 
7 + + + + + + + + + + + 
8 + + + ++ - + = + + 
9 + ++ ~ + ++ 
0 ++ ++ l ++ ++ +4 
11 ++ ++ ++ ++ ++ + + + 
12 + + + + + + + 
13 + ++ + ++ + + 
4 + + + + ++ ++ ++ + 
15 + + + - ++ ++ ++ = — ++ 
6 + + ++ ++ ++ ++ + 
+, + + — relative abundance of individual keratins as judged from amount of Goe massie blue stain bound per protein band. 
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keratins expressed in the epithelial lining of lateral 
cervical (branchial) cysts. On a microscopic level, 
the tissue in question is usually described as squa- 
mous in type and is, in most cases, composed of at 
least basal and suprabasal or spinous cells (see be- 
low). Thus, it is not surprising to have obtained a 
complex set of cytokeratins that represent the major 
structural components of the intermediate-sized or 
10-nm thick filaments in almost all epithelial cells 
and tissues. According to their electrophoretic pat- 
tern on one-dimensional polyacrylamide gels, and 
in particular to their immunoreactivity with sub- 
family- and single chain-specific antibodies, bran- 
chial mass keratins can be subdivided into high mo- 
lecular weight basic (type II) and low molecular 
weight acidic (type I) members. Moreover, their 
principal pattern is strikingly similar to upper diges- 
tive tract keratin profiles, as judged from the side- 
by-side comparison of cytoskeletal (keratin) proteins 
of both branchial mass and tonsillar epithelium. In 
detail, both tissues express, except for some aber- 
rant patterns (see below), substantial amounts of 
basic cytokeratins 4(a v b), 5(a v b), and 6 (Fig 3) 
and keratin 13 (Fig 4), the most acidic and concur- 
rently the most abundant type I cytokeratin in UDT 
squamous epithelia. 


Interestingly, the linings of palatine tonsils and 
cervical cysts express considerable amounts of an 
unidentified 36,000-dalton polypeptide (Fig 2, 
lanes la-4b). This protein is present in squamous, 
normally nonkeratinizing or partially keratinizing 
epithelia, such as UDT and vaginal epithelia, but 
not in epidermis and columnar cells, and was 
previously suggested to arise artifactually by pro- 
teolytic degradation of keratin.** Because of its 
unique amino acid composition and its recovery 
from in vitro translation experiments, we believe 
this 36-kilodalton polypeptide to represent a gen- 
uine protein (unpublished observations). 


Significance of Individual Keratins and Keratin 
Pairs. On the basis of a comprehensive analysis of 
the cytokeratins present in diverse epithelial cells 
and tissues of both human and animal origin, a 
number of rules'*?? have recently been established 
that may govern the expression of most, if not all, 
keratin polypeptides. Accordingly, individual cyto- 
keratin molecules are synthesized from separate 
messenger RNAs and form specific pairs, each of 
which is composed of an acidic (type I) and a basic 
(type II) member, the latter approximately 8 kilo- 
daltons larger than its acidic counterpart.'* Impor- 
tantly, specific keratin pairs serve as markers of dif- 
ferent epithelial cells and tissues (Fig 1) and can, in 
addition, characterize a particular pathway of cel- 
lular differentiation. For example, the pair 5/14 is 
expressed in almost all keratinocytes, ie, in cells that 
may give rise to different epithelia of squamous 
composition, such as epidermis, mucous membrane 
linings, corneal epithelium, mature and immature 


squamous metaplastic tissue, and even squamous 
cell carcinomas.'?"'*'’'8 Replication of keratino- 
cytes (“basal cells”) and formation of the corre- 
sponding stratified layer is supplemented by one (or 
two) other keratin pairs that specifically indicate, at 
least biochemically, the program of differentiation. 


On the basis of these rules, we conclude from the 
presence in LCC epithelia of basic cytokeratin 5(a v 
b) and its pair-forming acidic counterpart 14 that the 
tissue is of true keratinocyte but not, as discussed by 
King,’ for example, of lymph node endothelial cell 
origin. These cells derive from embryonic meso- 
derm and express vimentin,’ the specific protein 
subunit of intermediate-sized filaments present in 
connective tissues. The switch from a vimentin-pos- 
itive lymph node endothelial cell to a 5/14 expres- 
sive keratinocyte and, consequently, the formation 
of a 5/14 + (6/16 + 4/13) stratified squamous epithe- 
lium would be quite an unusual example of “meta- 
plasia” and would be, to our current knowledge, 
the first one reported. 


However, squamous metaplasia as a result of pro- 
liferating cells that undergo an altered program of 
differentiation should be considered with respect to 
branchial mass histogenesis. On the basis of both 
microscopic analyses and embryologic findings, 
Bhaskar and Bernier’ proposed that LCC epitheli- 
um derives from parotid gland cells, most likely en- 
closed within concurrently developing neck lymph 
nodes. This line of argument may be supported in 
part by recent studies on rat salivary gland compo- 
nents involved in the formation of squamous meta- 
plasia following arterial ligation.*® By use of poly- 
clonal antibodies immunosensitive to keratins 8/18 
and basic members 4, 5, and 6, it is shown that both 
acinar (8/18 expressive) and intercalated duct (4, 5, 
6 positive) epithelial cells give rise to isles of frank 
squamous differentiation. Although squamous zones 
gave a strong positive staining with an antibody re- 
active to basic keratins 4+5+6, it is not yet clear 
which of these keratins and, consequently, which of 
their acidic counterparts 13, 14, and 16 were vir- 
tually present, because the expression of one of these 
proteins could easily mimic the presence of another 
member (and vice versa) as a result of immunologic 
cross-reaction. Except for this uncertainty, the 
gradual transition from parotid gland cells to nodes 
of squamous composition and, necessarily, to a mul- 
tistratified LCC epithelium, which shows a regular 
architectural display at the 50% level, would afford 
factors other than chronic inflammation and partial 
or complete infarction. In particular, these factors 
should be unique to the cells involved and capable 
of initiating and maintaining this highly specific se- 
quence of metaplastic transition. 


Faithful expression in LCC epithelia of the keratin 
pair 4(a v b)/13 demonstrates that the tissue has in- 
variably undergone a program of differentiation that 
is typical of, although not exclusive to, UDT or 
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esophageal squamous epithelia.'?'*'7 Conclusive 
evidence for the transition of 5/14 expressive basal 
cells to 4/13 positive suprabasal cells was recently 
brought about by specifically localizing keratin 13 
in suprabasal or spinous cells by use of our 6-2/1 an- 
tibody coupled with the alkaline phosphatase/an- 
ti-alkaline phosphatase immunostaining proce- 
dure.” Epithelia that showed biochemically re- 
duced levels of keratins 4/13 (Fig 2; lanes 2b, 4b) 
were microscopically found to be partially imma- 
ture, ie, composed of basal (and parabasal) cells 
and unable, most likely, to enter the normal pro- 
gram of suprabasal differentiation as it is best 
known, for example, from malignant transformed 
epithelial cells. ?® 


In response to altered environmental conditions 
or as a result of its derivation from embryonic ecto- 
derm (persisting precervical sinus’), the suprabasal 
compartment of LCC epithelia would show partial 
or complete stratification and would express, in- 
stead of or in addition to keratins 4/13, substantial 
amounts of the specific pair 1/10 (“la v 1b/10a v 
10b”), the marker of an epidermislike pattern of 
differentiation (Fig 1, lane 3). Support for this posi- 
tion may be drawn from Meyer’s”? case report of a 
true branchiogenic cyst that appeared soon after 
birth and showed microscopically “normal looking 





skim with both hair follicles and sebaceous glands 
wh=n examined 9 years later. 


CONCLUSION 


biochemically, branchial mass inner lining is 
shown to be homologous if not identical to UDT 
squamous epithelia. We therefore exclude the possi- 
bilē~ that the tissue has evolved from lymph node 
encethelial cells, parotid gland components, or 
pants of the persisting precervical sinus. In princi- 
ple eur data match a pharyngeal pouch II origin of 
LC epithelium. However, anatomic and some 
clirieal findings, such as occurrence at various lev- 
els in the lateral neck and the peak age incidence 
(Tame 1), which is high for a congenital condition, 
are+telt to be less compatible with a branchial origin. 


@r the basis of the fact that a neck lymph node is 
invalved as the cyst’s genuine precursor,*'° LCC 
couc be an acquired condition, most likely result- 
ing fom Waldeyer’s ring crypt epithelial cells that 
ma? settle and “transform” any lymph node along 
the anterior border of the sternocleidomastoid mus- 
cle a- any time, to form an epithelium capable of 
mimicking the crypts of the palatine tonsils and of 
per arming part of their function, for example, 
ant æn handling.” 
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ADDENDUM 


The staining pattern obtained-with an immunoselected antibody suggests that the protein of apparent molecular weight 36,000 dal- 
tons described here as a co-isolate in cytoskeletal preparations of upper digestive tract epithelia most likely corresponds to the 36-kilodalton 
subunit of the intestinal protein I complex and serves as a target polypeptide of Rous sarcoma virus tyrosine kinase pp60** (our unpublished 
data; K. Weber, M. Osborn, Max-Planck-Institut for Biophysical Chemistry, Goettingen, FRG, personal communication). 
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SUBPERIOSTEAL MASTOID ABSCESSES IN CHRONIC 
SUPPURATIVE OTITIS MEDIA 


A. OLU IBEKWE, FRCS 
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In Europe and America, acute mastoiditis usually appears as a complicatiom of acute otitis media, and some patients develop subperi- 
osteal mastoid abscesses. In Nigeria, however, most subperiosteal mastoid abseesses develop from chronic otitis media with cholesteatoma. 
Of the 16 patients with subperiosteal mastoid abscesses discussed, 11 (69%) had cholesteatoma and only five (31%) had granulation tissue 
in the mastoid cavity. The ideal treatment for these cases is modified radical mas oidectomy. Radiographic investigation of the mastoid can 
be useful in the diagnosis of cholesteatoma in the presence of a subperiosteal m astoid abscess. 


KEY WORDS — cholesteatoma, chronic suppurative otitis media, subpesiosteal mastoid abscess. 


INTRODUCTION 


The management of acute mastoiditis that fol- 
lows acute otitis media has attracted attention re- 
cently in the medical literature, mainly because the 
condition has become increasingly rare in the devel- 
oped countries since the discovery of antibiotics. *? 
Resen et al' reviewed 69 patients with acute mas- 
to ditis, 16 of whom had a subperiosteal mastoid 
abscess; all 16 patients had had acute otitis media. 
Rabin and Wei’ reviewed 34 cases of acute mastoid- 
itis; eight of them followed chronic suppurative oti- 
tis media, and four of these cases were associated 
with cholesteatoma. Hawkins and Dru? did not re- 


port any subperiosteal mastoid abscesses that fol- 
lowec chronic suppurative otitis media with chole- 
steatama. We report 16 cases of subperiosteal mas- 
toid <ebscesses following chronic suppurative otitis 
mediz with cholesteatoma with a view to stressing 
the difference in its pathogenesis in developing 
coumtries like Nigeria and also to suggest the ideal 
manazement in this environment. 


MATERIAL AND METHOD 


We studied the clinical records of patients with 
subperiosteal mastoid abscesses admitted to the De- 


CLINICAL DETAILS OF PATIENTS WITH SUBPERIOSTEAL MASTOID ABSCESSES 


Duration of 


Symptoms of 
Ear Discharge Mastoid 
Pt Age Before Development Radiographic 
No. T Sex of Abscess Findings Findings at Mastoid Exploration 
l 15 F 3 yr Sclerotic L mastoid Pus and granulation tissue in mastoid antrum 
2 6 F 6 mo Clouding L mastoid Minimal granulation tissue in antrum 
3 12 M 4 mo Not available Pus and granulation tissue in antrum 
4 10 M 9 yr Large cavity in R mastoid Cheesy material (cholesteatoma) in antrum and cavity 
5 7 F 3 yr Large air space in R mastoid: _Foul-smelling cholesteatoma destroying air cells 
question of cholesteatoma 
6 1] F l yr Not available Polyp in deep meatus, cholesteatoma and pus in R an- 
trum 
7 10 F 7 yr Large defect in R mastoid Large mastoid cavity filled with cholesteatoma 
8 5 M Since age 6 mo Expansion of R mastoid antrum Pus and cholesteatoma in antrum 
9 9 M 4 yr Large air space in R mastoid biii material resembling cholesteatoma in an- 
rum 
D 4 M 2 yr Not available Pus and cholesteatoma in antrum 
O T M 3 yr Not available Yellow cheesy material (cholesteatoma) in antrum 
2 9 M 5 mo Not available Minimal granulation tissue in antrum 
B 15 F 4 yr Not available Cheesy material (cholesteatoma) in antrum 
H 10 F Since childhood Large defect in L mastoid Ch material (cholesteatoma) occupying antrum and 
air cells 
5 5 M 4 mo Not available Pus and granulation tissue in antrum 
15 10 F Since childhood Large defect in L mastoid 


Cheesy material (cholesteatoma) OBRNE a antrum 
and air cells; subgaleal pus occupying whole skull 
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partment of Otolaryngology of the University of Ni- 
geria Teaching Hospital, Enugu, between January 
1981 and December 1986. Those who were docu- 
mented properly for age, sex, duration of ear dis- 
charge before development of the subperiosteal 
mastoid abscess, mastoid x-ray findings, and find- 
ings at mastoid exploration were analyzed further. 


RESULTS 


The clinical features are summarized in the 
Table. There were 16 patients, with equal sex 
distribution. Three were 1 to 5 years of age, nine 
were 6 to 10 years of age, and four were 11 to 15 
years of age. Eleven (69%) had cholesteatoma in 
the mastoid at exploration, and the rest (31%) had 
granulation tissue in the mastoid. All the patients 
with cholesteatoma in the mastoid had a history of 
chronic ear discharge lasting 1 to 7 years. Those 
with granulation tissue had a history of about 4 to 5 
months’ discharge before development of the ab- 
scess. All the patients with cholesteatoma whose ra- 
diographs were available (seven in all) had defects 
in the mastoid that suggested cholesteatoma. 


DISCUSSION 


The typical history of a patient with a subperi- 
osteal mastoid abscess in our environment is that of 
a child with chronic ear discharge who presents 
with swelling over the mastoid area or sometimes 
subgaleal swelling involving the whole parietal 
area, or with a tympanocutaneous fistula (Fig 1). 
The radiograph of the mastoid may show a defect 
(Fig 2). At mastoid exploration one is most likely to 
find cholesteatoma destroying the whole mastoid 
antrum and the air cells (Fig 3). 


This clinical picture is at variance with the find- 
ings in Europe, America, the Far East, and the 
Middle East, where most subperiosteal mastoid ab- 
scesses follow acute otitis media with pus in the 


Fig 1. A,B) Clinical photographs 
of children with subperiosteal 
mastoid abscesses. Note postauric- 
ular fistula in B. 


mastoid at exploration.'-? Acute otitis media is not 
seen commonly in the clinics in our environment. 
The reason for this can be found in the socioeco- 
nomic background of the community. Most of the 
children with poor parents are malnourished and 
do not receive treatment for acute otitis media, 
which rapidly progresses to chronic suppurative 
otitis media of the tubotympanic variety. It is only 
when the ear has been discharging over a long peri- 
od of time, sometimes years, that medical advice is 
sought. It is not surprising, therefore, that most of 
the chronic suppurative otitis media seen in this en- 
vironment is of the tubotympanic variety. The typi- 
cal attic cholesteatoma seen in whites is not com- 
mon in the Nigerian environment. Okafor* and F. 
D. Martinson (personal communication), in their 
many years of clinical practice in Nigeria, rarely en- 
countered attic cholesteatoma. Cholesteatoma sec- 
ondary to chronic suppurative otitis media of the 
tubotympanic variety is not rare. Most of the sub- 
periosteal mastoid abscesses we see follow second- 
ary cholesteatoma. In this study 69 % of the patients 
with subperiosteal abscesses following chronic sup- 





Fig 2. Radiograph showing large defect in left mastoid. 
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Fig 3. A,B) Photographs taken at mastoidectamy showing cholesteatoma. 


purative otitis media had cholesteatoma. These 
findings give support to Portmann’s® theory of mi- 
gration of epidermal cells from the meatal wall into 
the antrum with subsequent formation of cholestea- 
toma. 


The pathogenesis of a subperiosteal abscess in an 
ear with cholesteatoma could be due to blockage of 
the aditus by cholesteatoma in the antrum and the 
rest of the mastoid air cells. This prevents the free 
flow of pus into the middle ear and the external 
auditory meatus, thus trapping pus in the mastoid 
lateral to the cholesteatoma. The pus under tension 
extends through the periosteum, resulting in a sub- 
periosteal mastoid abscess. The abscess can some- 
times extend into the subgaleal space to occupy the 
whole of the parietal region and later may dis- 
charge through the skin to form a tympanocutane- 
ous fistula (Fig 1A). 


It is to be noted that subperiosteal mastoid ab- 





scesses are rare in adults. In this study all the pa- 
tients were children, with the peak incidence at 6 to 
10 years. 


Radiographic investigation is probably not useful 
in the diagnosis of acute mastoiditis.'’? However, 
for a subperiosteal mastoid abscess occurring in the 
presence of chronic suppurative otitis media with 
cholesteatoma, radiographic investigation of the 
mastoid is useful. All the patients in this study with 
cholesteatoma showed large defects in radiographic 
appearance of the mastoid (Fig 2). 


It is generally agreed that the ideal treatment for 
a subperiosteal abscess is mastoidectomy. We sug- 
gest that the least that shou]d be done in our en- 
vironment, where follow-up of the patients cannot 
be guaranteed, is modified radical mastoidectomy. 
We hope this will allow for adequate removal of 
cholesteatoma from the mastoid and thus prevent 
recurrence in the near future. 
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Ten patients received lymphoblastoid alpha-interferon (Wellferon) in a crossover study so that Wellferon and standard microsurgical 
laryngeal laser therapy could be compared to laser therapy alone. Wellferon was administered initially at an intravenous high dose of 15 
megaunits/m? for 5 days followed by a daily dose of 2 megaunits/m? subcutaneously for 6 months. Dosage was adjusted according to 
predefined toxicity. One patient was withdrawn from the study. Of the others, all but one received over 75% of the planned total dose. At 
follow-up of the nine assessable patients, complete remission was achieved in two of them, partial remission in four, and no response in the 
remainder. The two complete remissions were sustained for 2 years, but the four partial remissions were not sustained. Thus, a role for 
alpha-interferon in the kind of regimen used here remains to be established. 


KEY WORDS — alpha-interferon, respiratory papillomatosis, papillomavirus. 


Recurrent respiratory papillomata (RRP) are be- 
nign tumors found in the respiratory tracts of chil- 
dren, and to a lesser extent in those of adults. The 
anterior part of the larynx is the site of predilection, 
but papillomata can be seen elsewhere in the re- 
spiratory tract, including the nasal cavities, 
pharynx, other parts of the larynx, trachea, bron- 
chi, lower respiratory tract, and even in the esoph- 
agus.'* They may cause airway obstruction and 
can become a serious threat to life. There is often a 
tendency for recurrente and progression despite all 
forms of treatment. The pattern of growth may be 
irregular and unpredictable, with remissions and 
exacerbations occurring for no apparent reason.'* 


Recurrent respiratory papillomata are thought to 
be caused by the human wart (or papilloma) virus, 
although there has been controversy about this 
point for some years.**-? They have morphologic 
similarities to papillomata that occur elsewhere, 
and viral-like inclusions have been shown in the 
parakeratotic epithelium, morphologically similar 
to papovaviruses identified elsewhere.* Southern 
blot analysis has recently been used to demonstrate 
human papillomavirus (HPV) DNA in both lesions 
and normal epithelium of the larynx, and papillo- 
mavirus causation is now accepted.*-’ It now ap- 
pears that the disease is associated most commonly 
with at least four subtypes of HPV-6, with one sub- 
type (HPV-6C) being particularly associated with 
more extensive disease.‘ 


The mainstay of treatment is removal by either 
forceps or the microsurgical laryngeal carbon diox- 


ide laser.’ A variety of adjunctive treatments have 
been employed in the management of RRP, but 
there is no convincing evidence that any medical 
modalities of therapy are of curative value.’ Alpha- 
interferon (IFN-a) has been tried recently with 
varying degrees of success in a range of virus-in- 
duced diseases.'° As well as its antiviral properties, 
the antiproliferative effects of the agent make IFN- 
œ an attractive drug for treatment of RRP." 
Preliminary reports from a number of centers sug- 
gested that it may be efficacious in this con- 
dition,''"'S and accordingly we set up a crossover 
study to show if the addition of IFN-a to optimal 
conventional surgical management would improve 
or clear the lesions of RRP. 


PATIENTS AND METHODS 


Patient Selection. The patients were under the 
long-term care of either of two otolaryngologic sur- 
geons at the Royal Alexandra Hospital for Children 
or at Sydney Hospital and had to have had docu- 
mented RRP for at least 12 months. Patients were 
excluded if they had not required surgery, or if they 
had received immunopotentiating therapy within 
the previous 6 months. Eligible patients were re- 
quired to have a normal full blood count, liver 
function tests, and creatinine reading, no other 
significant medical condition, and a supportive 
social environment. The last requirement in fact led 
to the exclusion of two patients. The study received 
ethical approval from all institutions, and informed 
consent was obtained from the patient or from the 
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Fig 1. (Patient 5) Large papilloma mass. 


guardian if the patient was under 18 years of age. 
Prestudy investigations included laryngoscopy, 
photographic documentation of lesions in the ma- 
jority of cases, and a chest radiograph. All patients 
had histopathologic proof of their disease. 


Immunologic Investigations. In addition to the 
above tests, all patients had IgG, IgA, and IgM 
measured by rate nephelometry (Beckman ICS, 
Brea, Calif). Peripheral blood lymphocytes were 
separated by Ficoll-Hypaque gradient, stained with 
anti-Leu-4 (pan T), anti-Leu-3 (helper/inducer T), 
anti-Leu-2 (suppressor/cytotoxic T), and anti-Leu-7 
(natural killer [NK] cell) (all Becton Dickinson 
monoclonals, Mountain View, Calif) followed by a 
fluoresceinated goat-anti-mouse second step 
(TAGO, Burlingame, Calif), or stained by directly 
conjugated anti-immunoglobulin (B cell) and ana- 
lyzed by a FACS-440 cytofluorograph.'*'’ T cell 
function was estimated by Con-A blastogenesis'® 
and NK function by a standard *'Cr release assay 
from labelled K 562 targets.’ 
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Study Design. Surgical management as described 
below plus IFN-a@ was compared to surgical man- 
agement alone in a randomized crossover trial. Pa- 
tients were stratified according to whether or not 
their disease required surgery more or less often 
than once every 3 months. The former were desig- 
nated as having “fast” and the latter “slow” disease. 
Where possible, matched pairs were to be selected 
for ace, duration, rate, and anatomic extent of dis- 
ease. Both arms of treatment (surgery alone or sur- 
gery plus IFN-a) lasted 6 months, with each begin- 
ning at the time of any required surgical removal of 
papibomata. After an initial 6 months of whichever 
arm the patients were randomized to, they were 
crossed over to 6 months of the other arm. If no sur- 
gery was needed at the end of the first 6-month per- 
iod, tre patient was assessed regularly and was to be 
withcrawn from the study if no further surgery was 
requi-ed within the next 6 months. In fact, no pa- 
tients were withdrawn for these reasons. 


Interferon-a (Wellferon) Schedule. Beginning 
withim 1 week of surgery, Wellferon was adminis- 
tered intravenously by continuous infusion for 5 
successive days at a dose of 15 megaunits/m7/24 h. 
This mtensive period of therapy was followed by 
daily subcutaneous administration of 2 mega- 
units’ n? over the ensuing 6 months. Intravenous 
therapy was administered in the hospital, and the 
patier ts or a relative were taught to administer the 
chron.c subcutaneous therapy. For unacceptable 
toxicity, dosage was reduced by half, and was fur- 
ther halved until the toxicity was acceptable. Unac- 
ceptable toxicity was defined as sustained fever 
> 385°C, rigors, fatigue, malaise, or a fall in plate- 
lets er WBCs, or a rise in alanine aminotransferase, 
aspartate aminotransferase, or alkaline phospha- 
tase, cutside the normal laboratory range. Toxicity 
monitoring with full blood count and routine 
biochemistry was performed daily during the in- 





Fig 2. Two examples of surgical record made on standard printed diagrams.Above each laryngeal diagram are dates of assessment 
with extent of papillomata illustrated as black-shaded areas. Periods of treatment with Wellferon are indicated by rectangles. A) Pa- 
tient 5 achieved partial remission, which was not sustained. B) Patient 6 as} ieved sustained complete remission. 
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TABLE 1. DESCRIPTIVE DETAILS OF PATIENTS 


Pt Age at Entry (yr) Sex DC 
l 5 F Fast 
2 6 F Fast 
3 9 M Fast 
4 14 F Fast 
5 3 M Fast 
6 9 F Fast 
7 25 M Fast 
8 40 F Fast 
9 35 M Slow 

10* 28 M Fast 


DC — disease characteristic. 


*Withdrawn at 4 months following coincidental cerebrovascular acci- 
dent. 


travenous therapy, weekly for 2 weeks, and month- 
ly thereafter. Immunologic tests as outlined above 
and IFN-a levels were monitored at the end of the 
week’s intensive therapy and then monthly through 
both arms of the trial. Close supervision of all pa- 
tients was maintained by regular visits by them to 
the Department of Clinical Immunology, Royal 
Prince Alfred Hospital, and by direct telephone 
contact with the trial nurse. 


Surgical Procedures and Assessment. Each endo- 
scopic examination in both adults and children was 
performed using a standard anesthetic technique?’ 
that requires no endotracheal tube in children and a 
narrow tube of only 4 mm external diameter in 
adults. For comprehensive evaluation, the pharynx, 
larynx, and treacheobronchial tree were first ex- 
amined with the nakéd eye through a suitable en- 
doscope. This was followed by a more detailed ex- 
amination with Hopkins rigid rod telescopes both 
straight ahead and angled for a magnified image. 
Photographic documentation (Fig 1) was with the 
Storz endocamera and electronic flash generator.”! 
After direct laryngoscopy both with and without 
telescopes, microlaryngoscopy and removal of 
papilloma were performed using the CO2 micro- 
surgical laser supplemented where necessary by 


cupped forceps. Most operations were day-stay pro- 
cedures. 


A written description supplemented by recording 
on standard printed diagrams of the larynx was 
used for documentation at each endoscopic pro- 
cedure (Fig 2). Careful evaluation of the site, size, 
and extent of the papillomata gave a consistent 
estimation of papilloma “volume” from which the 
effect of treatment was assessed. The time interval 
between operations was judged according to the 
known previous behavior and rate of growth of the 
lesions, the degree of airway obstruction, and the 
quality of the voice. 


RESULTS 


Interferon Therapy. Thirteen patients were iden- 
tified as having RRP, of whom ten were entered 
into the trial. Three patients withdrew before the 
trial began. One was withdrawn after 4 months of 
therapy following what was considered to be a coin- 
cidental cerebrovascular accident, and although in- 
formation on the acute and chronic toxicity he ex- 
perienced is given in the Tables, he is not discussed 
in detail. The details of the patients’ age, sex, and 
whether or not they had fast or slow disease are 
shown in Table 1. As can be seen, there were nine 
evaluable patients, and of these, only four managed 
to complete the planned schedule of IFN-a without 
dose reduction. A summary of toxicity and dose 
achieved is provided in Tables 2 and 3. During the 
intravenous phase of therapy, dosage was adjusted 
in five patients: in one patient temporarily for 
nausea and headache, in three for persistent neu- 
tropenia, and in one on the fifth day only for fever. 
In the chronic subcutaneous phase, six patients re- 
quired varying dose reductions. These were all for 
chronic persistent lethargy and general malaise, ex- 
cept for two patients who experienced recurrent 
neutropenia, one in addition to the generalized 
symptoms. 


TABLE 2, ADVERSE CLINICAL AND LABORATORY EFFECTS 


Laborato 
Clinical Nadir Neutrophils Nadir Platelets Highest ALT/AST 
Pt Fever Malaise/Lethargy (x 10°/L) (x 10°/L) (U/L) 
l Day 1 Transient 1.20 [ 3 mo] 170 [ 2 mo] 44/ 69 [ 6 mo] 
2 Day 1 - wk 2 Transient 0.52 [5d ] 110 [ 5d -] 64/ 96 [ 6 mo] 
3 Day 1 Transient 0.32 [4d ] 130 [ 3 mo] 68/ 43 [ 2 mo] 
4 Days 1-2 Transient 1.45 [ 6 mo] 169 [ 3 mo] 131/121 [ 1 mo] 
5 Days 1-5 Transient 0.30 [5d ] 180 [4d ] 85/ 77 [ 6 mo] 
6 — Transient 0.92 [ 4 mo] 210 [ 5 mo] 154/171 [ 3 mo] 
ia Day 1 Persistent 0.92 [10d ] 104 [5d ] 732/399 [10d ] 
St Days 1-3 Persistent 0.40 [4d ] 129 [6d ] 48/ 41 [l4d ] 
9t Days 1-4 Transient 1.00 [10d ] 128 [10d ] 120/ 87 [ 6 mo] 
10§ — — 2.16 [ 2 mo] 128 [ 3 mo] 216/ 81 [10d } 
Normal range 2.0-7.5 150-500 5-55 
ALT — alanine aminotransferase, AST — aspartate aminotransferase, [ ] — time of occurrence. 


*Developed rash during months 2 and 3. 


|Treatment arm began second. 


§Withdrawn at 4 months following coincidental cerebrovascular accident. 


\e 
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TABLE 3. DOSE REDUCTIONS 
IN INTERFERON SCHEDULE 


Dose 
During During Received 
Ft IV Period SC Period (%) Response 
l - - 90 NR 
2 + + 85 CR 
3 = + 76 PR 
4 -= - 100 PR 
5 - — 100 PR 
5 - — 100 CR 
7 - — 100 PR 
3 E = 26 NR 
3 = — 92 NR 
D* + + 73 NA 


_V — intravenous, SC — subcutaneous, NR — no response, PR — par- 
tial response, CR — complete response, NA — not assessed. 
* Withdrawn at 4 months following coincidental cerebrovascular acci- 
dent. 





Immunologic Monitoring. Lymphocyte subset 
markers as outlined above, Con-A blastogenesis, 
and NK cell function were measured before begin- 
ning therapy, on the fourth day of intravenous 
therapy, after 1 week of subcutaneous therapy, 
then at 4, 8, 16, and 24 weeks. The same mea- 
surements were made three times during the no- 
treatment arm. No substantial variation was seen in 
ary of these parameters during or after Wellferon 
therapy. 


Laryngoscopic Evaluation. As described above, 
the patients were assessed by serial laryngoscopic 
evaluation with a record made of the extent of 
pepillomata and supplemented with photographs. 
This allowed an assessment to be made at the end of 
the trial on prerecorded material. The evaluating 
surgeons were not apprised of which arm the pa- 
tients were im, although it was not possible to 
“blind” them completely. Complete remission, de- 
fined as the disappearance of papillomata, was 
achieved in two patients. Both patients remain in 
camplete remission, one 3 years and the other 2 
years 8 months after completing Wellferon therapy. 
Partial remission, defined as a 50% or greater re- 
duction in volume of papillomata, was achieved in 
four patients, while no effect was seen in the re- 
maining three patients. There were no cases of re- 
bound or exaggerated outbreak upon cessation of 
therapy. 


No remissions were seen in the two patients who 
begar with the surgery-alone arm when they were 
on that arm. There was no apparent relationship 
between age and response to Wellferon, although 
this series is too small for accurate comment about 
this. 


DISCUSSION 


Insufficient numbers of patients completed this 
trial o provide clear-cut, statistically significant 
evidence of the efficacy of IFN-a (Wellferon) in 
RRE. However, some patients clearly had their dis- 
ease completely or partially controlled when on the 
IFN-c arm of the protocol. Nevertheless, the 
therapy fell short of providing durable remission of 
the dsease. The effects that occurred showed no 
correlation with any of the parameters of immuno- 
logie function measured, including numbers or 
function of NK cells, which are thought to be regu- 
lated sy IFN-a levels. Although the latter point is in 
contrast to the findings of some previous studies, 
such a lack of correlation has been observed previ- 
ously."? In fact, there were no substantial changes 
in anr of these parameters measured. 


Previously reported studies using IFN-a in RRP, 
both in children'':'* and adults,'* have shown initial 
rem:ssion of the lesions during IFN-a therapy, with 
subsequent relapse following cessation of therapy. 
Our f ndings are similar to these, and indeed other 
authors have already alluded to the difficulty of 
deciding on the duration of therapy. '4 


Tae nature and extent of the side effects from 
IFN c administration were similar to those pre- 
viously reported, although the incidence and need 
for dese modification were greater than those re- 
ported in most other series,''-'S perhaps reflecting 
the more aggressive initial therapy. 


From this study it is not possible to make firm 
recommendations as to the use of IFN-a in RRP. 
When our results are taken in conjunction with the 
reports already in the literature, IFN-a does appear 
to be of benefit in some individuals while it is being 
givea. but it failed to provide a lasting remission in 
this study, with the exception of the two patients in 
whom complete remission was achieved. 
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HISTOLOGIC INVESTIGATION OF HYPERPHONATED 
CANINE VOCAL CORDS 


STEVEN GRAY, MD 


INGO TITZE, PHD 


Iowa City, low. 


Vocal cord injury and its effect on the larynx are topics of considerable portance, yet a clear understanding of acute vocal cord in- 
jury from excessive phonation remains elusive. The inability to develop an =n mal model for vocal abuse has hampered research in this 
area. This project cescribes the development of a canine model for acute voca_ cord inj ury from excessive phonation. The method of phona- 
tion consisted of a humidified, temperature-controlled, constant flow of ai- delivered subglottally by an external compressor. A small 
group of dogs underwent phonation for 2 and 4 hours. Vocal cord injury is scribed using histologic techniques. Damage to the vocal 
cerds, other than hemorrhage (rare in dogs) and edema, proved to be too eltsi~e for routine microscopy. Scanning and transmission elec- 
tron microscopy showed extensive surface damage with destruction and loss œ the surface microridges and premature desquamation of the 
vocal cord squamous epithelium. Injury extended to the lamina propria, whexe -he collagen fibers were detached from the basement mem- 


brane. 


KEY WORDS — basement membrane, desmosome, phonation, vocal abuse, vocal cords. 


INTRODUCTION 


Vocal cord injury with its consequent effect on 
phonation is a common disorder. Recent advances 
in diagnostic equipment such as flexible fiberoptics 
and stroboscopic illumination have helped docu- 
ment and elucidate the pathologic effects. Advances 
in laryngeal surgery such as phonosurgery, laryn- 
geal reconstruetive techniques, laser surgery, and 
the recent renewed interest in implantable bioma- 
terials and stents have generated enthusiasm in the 
treatment of laryngeal diseases. Acoustic equipment 
and the data it provides help document conditions 
that cannot be seen. Frequently, these data provide 
a more sensitive indication of vocal cord function 
and vocal changes than does physical examination. 


Remarkable progress has been made recently in 
the areas of nompathologic laryngeal physiology and 
microscopic anatomy of the larynx. However, pre- 
dicting the reaction of the vocal cords to surgical or 
phonatory trauma remains difficult. This inability 
te predict the reaction of vocal cords to injury has 
made laryngeal surgeons hesitant to operate on or 
around the glottis for benign disease except in in- 
stances of aspiration, airway obstruction, or severe 
air escape during phonation. 


The purpose of this study was to prepare an ani- 
mal model of vocal cord injury caused by phona- 
tion. The dog was selected because 1) this species 
has been studied extensively and is well known as a 
laryngologic research animal, 2) it is relatively inex- 
pensive to obtain, 3) it has a large larynx, 4) it is 
easy to work with, and 5) it is the animal most likely 
te be used for future chronic laryngeal studies. 
Disadvantages are that kennel dogs frequently have 
a “kennel cough” that occasionally causes vocal 


cor 1 zdema and nodule formation, and that the vo- 
cal 2erd of the dog lacks the vocal ligament present 
in umans. 


L was originally hoped that vocal injury could be 
deracnstrated by hemorrhage, edema, or other light 
microscopic findings and by acoustic analysis. Al- 
thoigh acoustic measurements hold promise, it was 
difficult in the experimental design to gather reli- 
abl neasurements; therefore, this area of the study 
wa. discontinued. Biondi and Biondi-Zappala' 
described scanning electron microscopy (SEM) of 
the laryngeal mucosa in 1974. In 1977, microridges 
weze described on the surface of the vocal cords.? 
No reports could be found using electron micro- 
sco dy as a tool for determining vocal cord injury. 
Ths study used light microscopy and electron mi- 
croscopy to evaluate the effects of hyperphonation 
on he canine larynx. 


METHODS AND MATERIALS 


adult mongrel dogs were anesthetized and direct 
lar7tgoscopy was performed to see if the vocal 
cori; were grossly normal. A proper level of anes- 
thesia was maintained by monitoring the heart rate, 
res .ratory rate, and blink reflex. 


m vertical incision was made over the trachea 
with a No. 10 blade from just below the cricoid to 2 
cm short of the thoracic inlet. The strap muscles 
we-e identified and divided in the midline to expose 
the trachea. A window in the trachea was created 
by removing the anterior wall of about four to six 
trast eal rings low in the neck. An appropriate-size 
trasteostomy tube or endotracheal tube was in- 
sered to the inferior or thoracic portion of the tra- 
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chea to provide a secure airway for the dog. Initial- 
ly, attempts were made to produce lasting forceful 
phonation through neural stimulation. This method 
was found to be unsatisfactory because of fatigue.’ 


A cuffed tracheostomy tube was inserted into the 
superior or laryngeal end of the trachea to allow 
control of the airflow through the larynx. A hori- 
zontal incision was made over the hyoid bone, and 
the dissection was carried down to the superior hy- 
oid area. The geniohyoid and hyoglossus muscles 
were divided. A large laryngoscope was passed 
transorally to the vallecula and was pulled upward 
to reveal the position of the vallecula. A cutting 
cautery or knife was used to cut down on the laryn- 
goscope, exposing the base of the tongue, the epi- 
glottis, and the hypopharynx. This opening was en- 
larged until the epigldttis could be grasped and de- 
livered anteriorly through the incision. An 0-silk su- 
ture was placed through the epiglottis, and this was 
suspended from an external bar placed above the 
larynx to keep the epiglottis retracted. This supra- 
glottic approach gave adequate room for visualiza- 
tion and instrumentation yet created minimal inter- 
ference with the vascular supply to the larynx. A 3-0 
chromic suture was used to close the mucosa of the 
posterior glottis. Then an orthopedic bone clamp 
was used to pin the arytenoid processes together. A 
stream of warm, humidified air at low flow (8 to 10 
L/min) was delivered to the subglottis prior to the 
placement of the bone clamp. With the clamp in 
the proper position, it was closed slowly until 
phonation was judged to be adequate (about 50 to 
70 dB at 1.5 m). With this done, the airflow could 
be increased to 50 L/min, which delivered 90 to 100 
dB at 1.5 m. 


Vocal cords from four normal canine larynges 
were examined with transmission electron micros- 
copy (TEM) and SEM. Ten mongrel dogs were en- 
tered into the study. Three control animals were 
studied, one for 3 hours and two for 4'/, hours. Con- 
trol animals were prepared in the same manner as 
the experimental animals except that after the 
clamp was placed, the airflow was discontinued so 
no phonation was experienced. Two animals were 


Fig 1. Normal canine vocal cord 
surface covered with microridges. 
A) Scanning electron micrograph 
showing surface cells (original 
x2,000). Note flat cellular pattern. 
B) Transmission electron micro- 
graph showing desquamation of 
surface cells and development of 
microridges (original x10,000). 
Surface cells are loosely con- 
nected, and surface microridges 
are of uniform size. Microridges of 
replacement cell are not uniform. 


submitted to phonation for 2 hours, three for 4 
hours. Occasionally it was difficult to suture the 
posterior glottis and clamp the arytenoids without 
causing endolaryngeal injury. Two of the ten ani- 
mals were taken out of the study at the onset be- 
cause of accidental injury to the vocal cords at the 
time of suturing. One of the animals had a vocal 
cord that was pierced with a needle, although after 
the injury no visible sign of damage could be seen. 
The other animal had a vocal cord that was rubbed 
and probably abraded with some needle holders. 
Again, no injury was visible. Out of interest, both 
animals were submitted to phonation, and within 
10 to 15 minutes, the animal with the pierced vocal 
cord showed marked hemorrhage and edema. The 
abraded vocal cord demonstrated edema and mild 
hemorrhage within 30 minutes of phonation. These 
two animals were not included in the study. 


Some adjustments in the tension on the vocal 
cords were required during the course of the experi- 
ment to maintain phonation. It appeared that with 
time the cords would relax and periodic tightening 
or tensing of the cords every 1 or 2 hours was re- 
quired. 


The airflow was disconnected for 10 minutes af- 
ter every 50 minutes of constant phonation. Hiroto 
et al* observed that blood flow may cease or slow 
during vocal cord vibration, and so phonation was 
interrupted every hour. Observations during this 
study indicated that blood flow to the larynx during 
phonation was minimal, and that allowing the vo- 
cal cords a 10-minute respite from phonation al- 
lowed the inflammatory action to take place. After 
each 10-minute rest period, the vocal cords ap- 
peared slightly more erythematous and edematous, 
although no quantitative measurements were 
made. Also of interest is that the renewal of phona- 
tion at the end of the rest period produced a louder 
and sometimes deeper sound, suggesting the cords 
had increased in mass. This effect seemed to disap- 
pear after a few minutes of vibration. 


RESULTS 


Phonatory Findings. The animals in the experi- 
ment could undergo phonation for long durations of 
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Fig 2. Transmission electron micrographs of normal canine vocal cord epithelium showing desmosomes (arrows). A) Prominert 
desmosomes in deep cell layers (original x80). B) Complex intercellular strueture with double cell membrane density of desmosomes 


(original x30,000). 


time if the vocal processes were clamped together 
and the posterior glottis was sewn closed. Phonation 
times of up to 4 hours could be maintained without 
dicficulty. Average flow during this experiment 
ranged from 15 to 30 L/min, and average loudness 
centered around 60 to 70 dB at 1.5 m distance. 
Loudness of phonation could be increased up to 90 
to 100 dB. Neither loudness nor flow rate was con- 
trolled for in this experiment. 


Initially it was hoped that the phonatory signal 
could be recorded at the beginning of the experi- 
ment and compared to recorded portions later. This 
proved to be difficult. First, a clear signal was hard 
to obtain, because the posterior branch of the recur- 
rent laryngeal nerves was not severed. Consequent- 
ly, each respiration by the dog was associated with 
abduction of the vocal cords and a corresponding 
change in phonatory signal. Second, secretions 
tended to accumulate at the glottis, and this in- 
terfered with the signal. Minor amounts of secre- 
tions were not suctioned because of the risk of ac- 
cidentally touching or suctioning the edge of the 
vecal cord. Third, as mentioned above, minor ad- 
justments had to be made throughout the experi- 
ment to maintain a good phonatory signal. These 
adjustments did have effects on the sound signal. 
Because of these factors, acoustic analysis of the 
signals was not reliable in this experimental design. 


Histologic Findings. Microscopic histologic sec- 
tions at magnifications of x10 to x100 showed no 
difference between normal, control, and phonated 
animals. It was difficult to determine whether 
edema existed in the submucosa, and a method to 
quantify edema could not be found. No subepitheli- 
al injury could be identified with light microscopy, 
and no blister or nodule formation or hemorrhage 
oecurred. 


E ectron microscopy revealed that the canine la- 
rynges showed epidermal and lamina propria struc- 
tures similar to those described in humans. '*? In Fig 
1A, EM shows the surface architecture of the vocal 
corcs to be smooth and flat. A flat cellular pattern is 
presat. The surface shows no openings such as 
mucous glands and no cilia. The cell surface is cov- 
erec with microridges. Occasional desquamation of 
surfaee cells is noted. However, in normal vocal 
corcs, the number of surface cells being desqua- 
mated at any one time is low’ and the replacement 
cells appear to match the other surface cells well. 
This appearance is perhaps an indication of maturi- 
ty. 


In Fig 1B, TEM confirms the presence of micro- 
rides on the surface cells. The surface microridges 
app=ar to arise as a continuation of the intercellular 
ruge. However, once the cell approaches the sur- 
face, the microridges seem to become more uniform 
in s= and orientation. Cells seem to prepare micro- 
ridges for surface function, as uniform microridges 
are -ound only on the surface side of the cell. 


Figure 2 shows that the cells of the epidermis are 
bound to each other by desmosomes, which are 
arezs of strong intercellular adhesion. This helps 
pro “ide the epidermis with strength. An important 
fincing is that the top surface layers of the vocal 
cords show no desmosomes. Lower in the epidermis 
the desmosomes appear more developed and are 
larger and more prominent. Near the surface they 
are smaller and less distinct, until they disappear in 
the top layers. This gives the cellular layers below 
the top two or three layers excellent support and 
streigth, but allows the surface cells to be des- 
quamated easily without injuring the surrounding 
cell. This arrangement leaves the surface cells 
vulaerable to shearing and friction forces that cause 
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Fig 3. Transmission electron micrograph of normal canine 
vocal cord epithelium attached to basement membrane 
(large arrows) (original x10,000). Areas of dense basal cell 
membrane represent hemidesmosomes (small arrows). 


premature loss of these cell layers. Further TEM, 
deeper into the vocal fold, reveals the expected 
transition from flat long cells to immature nu- 
cleated polyhedral cells. 


The deep surface of the epidermis is lined with 
basal cells lying on a basement membrane. Figure 3 
shows that the basal cells are attached to the base- 
ment membrane with hemidesmosomes. Beneath 
the basement membrane, the lamina propria is 
sparsely populated wjth cells. This area consists of a 
loosely woven network of collagen and elastic 
fibers. Rare small vessels are present. 


Scanning electron microscopy and TEM of the 
normal and control specimens showed no difference 
in surface or deep structures. A previous report 
from this laboratory showed that animals that un- 
derwent 2-hour phonation revealed various degrees 
of surface destruction. The earliest sign of injury 


Fig 4. Canine vocal cords after 2 
hours of phonation reveal surface 
damage to microridges. (Compare 
to Fig 1.) A) Transmission electron 
micrograph shows injured cell des- 
quamating (original x8,000). Re- 
placement cell has more normal 
microridges. Note partially oblit- 
erated microridges. B) Scanning 
electron micrograph shows cob- 
blestone injury appearance (origi- 
nal x300). (Box has no signifi- 
cance.) 


appears to be twofold: a flattening of microridges 
and a prominence of surface cells that causes a cob- 
blestone appearance as in Fig 4. Although micro- 
ridges may take on various patterns, hyperphonated 
microridges show consistent blunting and frequent- 
ly are obliterated. As destruction becomes more in- 
tense, no microridges exist except in spots where 
cells have been desquamated recently. The cobble- 
stone pattern, when examined under higher power, 
contains cells that bulge in the center and lack mi- 
croridges. Further destruction is revealed by free 
edges of surface cells, which first become apparent 
in the cobblestone areas. More extensive damage is 
manifested in premature desquamation; also, the 
number of cells being desquamated is greater than 
in normal vocal cords. The replacement cells, 
which appear when the surface cells are desqua- 
mated prematurely, do not appear to be as mature 
as the surrounding surface cells, as evidenced by 
their microridges’ not being uniform or regular. 
This area is approaching wholesale desquamation, 
which will weaken the surface structure further. No 
damage to the basement membrane, basal cell lay- 
er, or lamina propria was identified at 2 hours. 


Scanning electron microscopy after 4 to 6 hours 
of phonation revealed marked surface destruction. 
Figure 5 shows extensive surface damage, which 
was present over large areas, with complete loss of 
all surface architecture and areas of massive des- 
quamation of surface cells. Top surface layers are 
desquamated easily. Deeper cells, being bound by 
desmosomes, cannot be desquamated unless the des- 
mosomes are broken. These cells probably die on 
the surface. The surface in these areas is marked 
with small holes, probably representing areas of 
breakdown of the cellular membrane. The surface 
throughout these areas of damage is irregular. 


Examination of the squamous layer with TEM re- 
veals the top surface layers to be lost. This des- 
quamation has continued deep into the epidermis, 
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Fig 5. Scanning electron micro- 
graphs of canine vocal cords after 
4 hours of phonation showing se- 
vere surface injury. A) Extensive 
and massive desquamation (origi- 
na x80). Surface layers have been 
thrown off, exposing more tightly 
boand layers. B) Boxed area in A 
(orginal x350). Huge gaps are 
present in surface lining. C) Boxed 
area in B (original x2,000). No mi- 
craridges. D) Boxed area in C 
(orginal x10,000). Cell membrane 
with holes. 


breaking the cellular attachments or desmosomes. 
It seems that the top surface layers are easily des- 
quamated, while the deeper layers with better-de- 
ve oped desmosomes resist this desquamation. Fig- 
ure 6 shows the desquamation to have progressed to 
layers with well-developed desmosomes. The cells 
are separated from each other by interstitial fluid, 
exeept at areas of desmosomal bonding, indicating 
that these may be the strongest areas of intercellular 
attachment and that desmosomes provide the “glue” 
that helps hold the epidermis together during in- 
tense vibratory motion. Interstitial fluid is present 
throughout the cell layers. These micrographs show 
desmosomes that are firmly attached to the neigh- 
boring cell and others that either are torn apart or 
are in a stage of dissolution. 


Dne wonders what the intracellular condition of 
these battered cells is like. Dissolution of mitochon- 
dr:a is one of the earliest indicators of cell death. An 
examination of these cellular organelles and others 
méy show many of the organelles to be destroyed in 
the surface cells while deeper, more protected cells 





do net show the same injury. Figure 7 shows injured 
mitochondria and a discontinuous nuclear mem- 
brane. These signs of early cell death are difficult to 
interpret and easily can be influenced by the time it 
takes to harvest and preserve the tissue. Never- 
theless, it is reasonable to assume that some in- 
tracellular injury is occurring from the constant, 
hars phonation. The severe injury that occurs to 
the celular membrane after the microridges are lost 
probebly compromises the intracellular environ- 
ment considerably. 


Fu-ther inspection into the deeper layers of the 
epidermis reveals perhaps the most clinically rele- 
vant findings. Figure 8 shows that the basement 
membrane, the structure that serves as the common 
grourd and source of attachment between the 
epidesmis and lamina propria, is injured. Hemi- 
desmesomes that normally attach the basal cells to 
the basement membrane have become separated. 
Intersitial fluid is now present beneath the basal 
cells and the basement membrane. These micro- 
graps show areas where the only remaining points 
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of attachment between the basement membrane 
and the basal cells are the hemidesmosomes. The 
collection of fluid between the basal cells and the 
basement membrane can be considerable. 


Injury can occur below the basement membrane. 
Normally the fibers should course all the way to the 
basement membrane. However, these photos dem- 
onstrate that the injured sub—-basement membrane 
area contains torn or detached fibers. The micro- 
graphs in Fig 8 reveal other areas of fluid collection 
below the basement membrane and indistinct de- 
bris. It appears that the injury to the basement 
membrane can occur either above the basement 
membrane, below the basement membrane, or 
both. This seems reasonable, as the structural sup- 
ports in this area are the hemidesmosomes, anchor- 
ing the basal cells to the basement membrane, and 
the fibers of the lamina propria, anchoring the 
basement membrane. 


Fig 7. Transmission electron mi- 
crographs of canine vocal cords af- 
ter 4 hours of phonation showing 
intracellular injury. A) Discon- 
tinuous nuclear membrane (ar- 
rows) (original x6,000). B) Disin- 
tegration of mitochondria (origi- 
nal x30,000). 


Fig 6. Transmission electron mi- 
crographs of canine vocal cords af- 
ter 4 hours of phonation showing 
desquamation to deeper layers of 
epidermis with well-developed 
desmosomes (arrows). Note inter- 
stitial fluid. A) Original x6,000. B) 
Original x50,000. 


DISCUSSION 


Past efforts at creating an animal model for vocal 
abuse have been largely unsuccessful. This model 
appears to be successful for studies of acute injury. 
The animals were able to undergo the phonation 
procedure for over 4 hours. The intensity and air- 
flow could have been controlled, although they 
were not in this experiment. Ultrastructural surface 
damage was consistent after 2 hours of constant 
phonation, and basement membrane damage was 
present after 4 hours. 


It is also apparent that phonation is detrimental 
when operative trauma is already present, such as 
in the two animals with injured vocal cords. Both of 
these animals experienced hemorrhage, edema, and 
inflammation with phonation. It appears that the 
phonation aggravated the injury. This corresponds 
to the current recommendation of voice rest follow- 
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Fig 8. Transmission electron micrographs of canine vocal cords after 4 hours of phonation demonstrating basement membrane in- 
jury. (Compare with Fig 4.) A) Basement membrane (stars) loosely attached to basal cell membrane hemidesmosomes (arrows) 
(original x10,000). Note minor amounts of fluid between two membranes. B) Basement membrane (star) separating from basal cell 
membrane (original x25,000). Few hemidesmosomes (arrow) remain attached. C) Basement membrane (stars) separated from epi- 
thelium (original x2,000). Fibers of lamina propria appear distinct in subevidermal area. D) Basement membrane separated with 
large fluid collection (circle) present (original x2,000). Lamina propria structures in subepidermal area are indistinct. Fibers do not 
extend to basement membrane in left side of photo. E) Basement membrane (arrows) loosely attached via hemidesmosomes to basal 


cells, but not secured with lamina propria fibers (original x20,000). 


ing endolaryngeal surgery. 


It is surprising that despite 4 hours of intensive, 
abusive phonation, no vocal cord hemorrhage oc- 
curred. It is not surprising that no polyps or nodules 
were induced, as these are more delayed reactions 
of the larynx. 


Scanning electron microscopy and TEM appear 
to be useful methods for visualizing microscopic 
damage occurring to the vocal cords. Certainly they 
are more sensitive than previous methods for evalu- 
ating the microscopic changes occurring in the cov- 
er and body of the vocal cords. In this experiment, 
they allowed us to visualize surface changes occur- 
ring from repeated bombardment. These changes 
have not been described previously. 


Although the function of the microridges is un- 
known, it appears that these help hold and spread 
the thin layer of mucus that covers the cords. An- 
other function may be to provide a better surface 
for contact, minimizing slippage, much as the 


treads of a tire provide traction. Microridges have 
been described in a few other areas of the body, 
such as the cervical epithelium and cornea, where 
mairtaining a thin layer of lubricating fluid over a 
body surface is important.’ 


The first sign of injury from phonation is damage 
to the microridges. Next, the surface cells seem to 
beeome more prominent and bulge at the center. 
They may even become swollen. This step is fol- 
lowed by desquamation of the surface cells. Thus, 
less mature cells are exposed to the surface. These 
immature cells seem less able to handle the bom- 
bardment, but are more tightly bound to the other 
celis. Repeated damage to these cells leads to less 
desq iamation, but it leads to massive cell injury in 
which these cells seem to have lost all surface char- 
acteristics. Perhaps more telling are the “potholes” 
thet appear in the cell membrane and the finding of 
degenerating intracellular organelles. Cells at this 
poin: are unable to maintain their cellular integri- 


388 Gray & Titze, Histology of Hyperphonated Vocal Cords 


ty; this inability is a harbinger of cell death. 


In this experiment the desmosomes certainly give 
the impression of providing binding strength to the 
epithelium. Desmosomes are structures that repre- 
sent complex intercellular bonds. They consist of 
two attachment plaques, one from each cell, and 
two cell membranes.‘ Between the cell membranes 
are layers of intercellular cement substance that has 
a gel-like consistency and contains glycoproteins. In 
the middle of the desmosome and intercellular ce- 
ment substance is the intercellular contact layer.’ 
The micrographs show that in severely phonated 
cords the only substance holding the cells together is 
the desmosomes. If one reflects upon the rapid and 
at times intense bombardment the cords receive 
during phonation and other functions such as 
coughing, it is surprising that the epithelial cover is 
so tough and resilient. Desmosomes seem to be im- 
portant in contributing to these characteristics. 


Hemidesmosomes are areas of special attach- 
ments between the basal cells and the basement 
membrane. They consist of an attachment plaque, 
the cell membrane from the basal cell, and fibers 
that connect these basal cell structures to the base- 
ment membrane.’ It appears from this experiment, 
that an important purpose of the hemidesmosomes 
is to provide strong attachments from the epidermal 
cells to the basement membrane. In this experi- 
ment, recurrent, forceful vibration led to not only 
intercellular fluid and disruption of desmosomes in 
the epidermis, but also disruption of the hemides- 
mosomes, allowing the epidermis to become sep- 
arated from the basement membrane. This also cre- 
ates a potential space for localized fluid collection, 
which will continue to the areas where the hemi- 
desmosomes have been disrupted. This is in contrast 
to generalized edema of the vocal cords, which is 
the result of interstitial fluid spread throughout the 
lamina propria. 


The basement membrane serves as the common 
junction between the epidermis and the lamina pro- 
pria. The epidermis is attached to the basement 
membrane, and in turn, the lamina propria con- 
tains fibers that are attached to the basement mem- 
brane.’ In localized areas, these attachment fibers 
have been sheared or detached in this experiment. 
As can be seen in the electron micrographs, this 
again creates a potential space for localized fluid 





collection in the subepidermal area. In addition, 
this injury would allow for possible redraping of the 
epidermal cover. 


Caution should be exercised in applying these 
findings to clinical experience. The method of vocal 
cord closure is not physiologic as far as vocal cord 
adduction and aerodynamic flow patterns are con- 
cerned. The canine vocal cord contains only a rudi- 
mentary vocal ligament and a thick lamina propria 
layer when compared with human vocal cords. This 
likely gives the canine cords a different capacity for 
resistance to phonatory trauma than human vocal 
cords. It is difficult to quantify the amount of pho- 
nation experienced in this experiment or compare it 
with that phonation achieved in a clinical setting. 
However, vibratory trauma is induced predictably, 
and our control and normal animals have not shown 
any of the changes described above. Furthermore, 
it would appear that since human nodules and pol- 
yps are subepidermal injuries, they may be a con- 
tinuation of the microscopic injuries described here. 


In summary, this animal study provides a success- 
ful model of acute phonatory injury. It appears that 
electron microscopy is a very useful tool in identify- 
ing early vocal cord injury. This tool makes it possi- 
ble to view the microridges and the surface damage 
that can occur from hyperphonation. 


Key structural elements of the “cover” of the 
vocal cords appear to be 1) the epithelial layers 
secured by numerous desmosomes and 2) the base- 
ment membrane, which is attached to the basal 
cells by hemidesmosomes and to the lamina propria 
by attaching fibers. These fibers are important be- 
cause they provide a network that spans the lamina 
propria from the basement membrane to the vocalis 
muscle, thereby fastening the epithelial layer over 
the lamina propria and to the muscle. This allows 
the cover the excellent flexibility required for 
phonation. These are structures that seem to pro- 
vide the ability of the epidermis and lamina pro- 
pria, or “cover,” to resist injury from phonation. 


The injury patterns described here may help us 
understand why acutely injured voices sound 
“rough” and why some acutely injured vocal cords 
show generalized edema and others have a more lo- 
calized fluid collection. Certainly, further study is 
needed, both of the anatomy of the ultrastructure of 
the vocal cord and of injury to that ultrastructure. 
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Histamine and heparin, both free and cellular, were assayed in the nasal raucosa of 11 atopic and 15 nonatopic patients undergoing 
turbinectomy for chronic rhinitis. There was no significant difference betweea the free and cellular histamine levels of the atopic and 
nonatopic patients. There was also no significant difference between the free her arin levels of atopic and nonatopic patients. Mean cellular 
heoarin was, however, significantly greater in the nonatopic group. This finding, together with the results of mast cell counting, suggests 
eitner that in atopie patients heparin stores are already depleted prior to turbir ectomy, or that in nonatopic individuals nasal mast cells 


contain an excess of heparin in nonreleasable stores. 
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INTRODUCTION 


The release of intracellular mediators during the 
course of anaphylactic reactions has been known 
since 1912." Mediators released from mast cells in- 
clade histamine, heparin, serotonin, chemotactic 
peptides, neutral proteases, and acid hydrolases: 
but the importance of histamine in allergic rhinitis 
is reflected in the benefits of antihistamine therapy.” 
Within mast cell granules, concentrated histamine 
is stored by ionic binding to the acidic groups of 
heparin and related glycosaminoglycans?; and the 
two mediators are thought to be released together. 


We recently developed a highly specific and sen- 
sitive radiolabelled binding assay for the measure- 
ment of heparin and heparan sulfate (subsequently 
referred to as heparin),** which allows the study of 
mediators other than histamine. In order to study 
further the nasal content and release of allergic 
mediators, we have assayed free and cellular nasal 
histamine and also report for the first time nasal 
heparin levels. 


PATIENTS AND METHODS 


We studied 26 patients (16 male and ten female) 
undergoing bilateral inferior turbinectomy for 
chronic rhinitis. Atopic history, principal symp- 
toms, and differential leukocyte counts were noted. 
A diagnosis of atopy was based on standard skin 
tests to 11 common allergens including house dust 
mites, cat epithelium, and grass, tree, and weed 
po.len with a negative control (Bencard). A positive 
result was present if wheals of 4 mm or greater were 
present at 15 minutes in reaction to one or more 
allergens. One patient was not tested because of 
sewere eczema. There were 11 atopic patients 16 to 


64 years of age (mean, 27 years) and 15 nonatopic 
patients 13 to 72 years of age (mean, 41 years). 


Est mation of total serum immunoglobulin E 
(IgE) was performed using a double antibody meth- 
od (Pharmacia, Uppsala, Sweden). Specific IgE 
coneeitrations to three common inhalant allergens 
(house dust mites, grass pollen, and animal dander) 
were estimated by the radioallergosorbent test 
(RAST, Pharmacia) in 25 patients and scored on a 
scale-of 0 to 4. 


On removal, one turbinate (right or left by ran- 
dom <llocation) was placed ir 10 mL 0.9% NaCl at 
4°C to arrest mediator release. Within 3 to 5 min- 
utes a l bone was removed and the tissue was coarse- 
ly chcpped into 2- to 3-mm fragments, which were 
centricuged for 5 minutes. The supernatant saline 
wash containing free heparin and histamine and the 
nasal ‘issue containing the cellular mediators were 
stored separately at — 20°C for subsequent analysis. 
Prior -o biochemical assay, 0.9% NaCl was added 
to the tissue fraction to standardize the protein con- 
centration, and the sample was homogenized at 
20,000 rpm for 50 seconds. 


Hiswamine Assay. The extraction and assay of his- 
tamine was performed by the manual fluorometric 
method, which depends on the condensation of his- 
tamime with o-phthalaldehyde in a strongly alkaline 
soluticn as described by Shore et al. The resulting 
labile >roduct is stabilized by acidification. Samples 
were read in a fluorometer with an activation 
wavelength of 350 nm and a fluorescent wavelength 
of 450 nm. 


Heparin Assay. Samples were pretreated with 
Pronase (Sigma) at a final concentration of 5 
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TABLE 1. SYMPTOMS 
Nonatopic Patients Atopic Patients 
N 


= =]] 
Obstruction 13 9 
Sneezing 7 9 
Rhinorrhea 5 9 
Pain 8 5 
Anosmia 6 4 





mg/mL at 37°C for 24 hours to remove heparin-as- 
sociated proteins. Heparinlike glycosaminoglycans 
were measured by a competitive binding assay us- 
ing heparan sulfate (Opocrin 0.156 to 20.0 mg/mL) 
as the standard. Heparan sulfate 1 (National In- 
stitution of Biological Standards and Control) was 
derivatized with 3-(4-hydroxyphenyl) propionic 
acid N-hydroxysuccinimide ester (Pierce; product 
No. 27710) and labeled with iodine 125 in phos- 
phate buffer (0.05 M, pH 7.4) containing 1% 
Tween 20 as described by Dawes and Pepper.* The 
'28T heparan sulfate and nasal specimen were incu- 
bated at room temperature for 3 hours with Poly- 
brene-Sepharose,’ a solid phase whose highly posi- 
tive charge binds the negative charges of heparin 
with high affinity. Bound radiolabel was separated 
from free by sedimentation through 10% sucrose 
solution,® and the supernatant was aspirated. 


Protein Assay. A dye-binding method (BioRad 
Protein Assay, England) with bovine serum albu- 
min as a standard was used to measure the protein 
content of the homogenized tissue specimens. 


Mast Cell Counts. Three transverse blocks were 
taken and fixed in Carnoy’s solution, and 3-~m 
paraffin sections were stained with 1% toluidine 
blue. Counts were performed with an eyepiece 
graticule (0.23 mm?) at a magnification of x250. 
Ten sites were randomly selected from each of the 
three blocks. At these ten sites the edge of the 
graticule was oriented at the epithelial surface and 
three contiguous areas perpendicular to the surface 
were counted. Counts were expressed as number of 
cells per mm?, a total area of 6.9 mm’ having been 
counted. Additional counts were made on serial sec- 
tions of turbinates fixed in 4% neutral buffered for- 
maldehyde. These were stained with either 1% to- 
luidine blue or with polyclonal anti-IgE (Dakopatts 
Ltd, Denmark) using a standard peroxidase-anti- 
peroxidase technique. In a few atopic and non- 


atopic subjects, electron microscopy was performed 
to assess the degree of degranulation of mast cells. 


Biochemical data were analyzed by Student's t 
test, and mast cell counts by the Wilcoxon rank sum 
test. Correlation coefficients were used to establish 
the relationship, if any, between the variables mea- 
sured. 


Histamine and protein results are reported as 
mean + SD. Total IgE and heparin failed to show a 
normal distribution; these data were log-trans- 
formed prior to analysis, and geometric means were 
derived. 


RESULTS 


As expected, nasal obstruction was the common- 
est symptom (22 patients; Table 1). Rhinorrhea and 
sneezing were more common in atopic patients, and 
facial pain in nonatopic patients. The geometric 
mean total serum IgE was 200 kilo-units/L in atopic 
patients and 19 kilo-units/L in nonatopic patients 
(p< .001), and RAST scores also reflected the results 
of skin tests in all but one patient. Protein concen- 
trations (Table 2) did not differ in the tissue 
homogenates of the two groups. 


The results of histamine assay are summarized in 
Table 2. There was no significant difference be- 
tween atopic and nonatopic patients in either free 
or cellular histamine levels, or in the ratio of free to 
cellular histamine. Histamine levels did not corre- 
late with total serum IgE, nor was there any sig- 
nificant sex difference or association with total 
number of positive skin tests. 


Wide distributions of free (210 to 20,050 ng/mL) 
and cellular (33 to 777 g/mL) heparin were ob- 
served. Mean free heparin in atopic patients was 
not significantly different from that in nonatopic 
patients, but the mean cellular heparin in atopic 
patients was significantly less than in nonatopic pa- 
tients (Table 2). The mean ratio of free to cellular 
heparin was also significantly less in nonatopic pa- 
tients. There was no correlation of heparin levels 
with nasal histamine or serum IgE, nor any sex dif- 
ference. Three nonatopic patients had very high 
levels of cellular heparin (Fig 1), but no other 
distinctive features could be identified in these pa- 
tients. As with histamine levels, the number of 


TABLE 2. RESULTS OF BIOCHEMICAL ASSAY 


ťa aM 
Nonatopic Patients Atopic Patients 

Histamine* Free (ng/mL) 32.6 +11.8 28.9+ 13.1 NS 
Cellular (ng/mL) 211.0 +81.0 162.0 +81.0 NS 
Free/cellular ratio 0.17+ 0.07 0.2+ 0.1 NS 

Heparint Free (ng/mL) 1,073 1,792 NS 
Cellular (ug/mL) 116 54 p<.02 
Free/cellular ratio 0.0092 0.033 p<.05 

Protein * Cellular (mg/mL) 10.1 + 6.7 9.34 7.5 NS 


NS — no significant difference. 
*Mean + standard deviation. 
tGeometric mean. 
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(SD = 17.2) in nonatopic patients (p< .01). Sup- 
plem entary studies using anti-IgE or toluidine blue 
on 4 % formaldehyde-fixed tissue did not, however, 
conf rm the presence of a larger number of mast 
cells in the nonatopic patients (data not shown). 
Elee-ron micrographs (Fig 2) indicated that mast 
cell degranulation is very variable, even among ad- 
jacemt mast cells, in both atopic and nonatopic pa- 
tients. 
DISCUSSION 


Al ergic rhinitis affects up to 20% of the popula- 
tion, but the mechanisms of nasal hypersensitivity 
are poorly understood. Histamine provocation of 
nasa mucosa produces reflex sneezing and also 
marked vasodilation probably via both H1 and H2 
receptors.’ Nasal polyp fluid has been shown to con- 
tain variable histamine levels, which are unrelated 
to atopy,'™™'™? as shown in the present study of nasal 
mueesa. 


pg/ml) 


Log CELLULAR HEPARIN ( 
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Tt is is the first study to compare histamine levels 
in th> mucosa of patients with atopic and nonatopic 
chronic rhinitis, and also the first report of nasal 
heparin levels. A previous report of histamine levels 





ATOPIC NON- ATOPIC l s e 
(a=11) (n=15) in ncrmal nasal mucosa used a variable biologic as- 


say cn small turbinate biopsies.'? A wide range of 
values, similar to that reported in nasal polyps, was 
obta:ned. Subsequent studies relied on the collec- 
allergens to which an atopic patient was sensitive tion of nasal washings or epithelial curettings, with 
cid not influence the levels of heparin. conflicting results. 4" 


Fig 1. Mean levels of cellular heparin. Data are log-trans- 
formed. 


The results of masz cell counting on specimens fixed Our results indicate that in chronic rhinitis there 
im Carnoy’s solution showed a mean of 4.4/mm? are significant basal levels of free histamine (14 to 
(sD=5.05) in atopic patients and 20.8/mm? 65 n3/mL), the corresponding plasma value being 
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Fig 2. Electron micrographs of adjacent mast cells in nasal turbi- 
nate © atopic patient (lead citrate and uranyl acetate, original 
x4,2008. Mast cells are A) fully granulated, B) partially degranu- 
lated, and C) degranulated. 
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<10 ng/mL. The values detected in tissue homoge- 
nate were much greater (81 to 405 ng/mL). Free 
histamine levels were, however, similar in the two 
groups; this finding may reflect the rapid metabo- 
lism of released histamine by histaminase.'* 


Heparin is one of the principal sulfated proteo- 
glycans of mast cell granules and may regulate ana- 
phylaxis by negative feedback mechanisms. Hista- 
mine and other preformed basic mediators are at- 
tached to its macromolecular matrix by ionic link- 
age." We found a wide range of free heparin levels 
unassociated with free histamine levels. This sup- 
ports our preliminary (unpublished) findings on 
mediator release from peripheral blood basophils. 
We have found wide individual variations in the 
release of heparin, which appears to occur at least 
in part by a mechanism different from that control- 
ling histamine release. Free heparin levels were 
greater in atopic patients, as expected, although the 
difference failed to reach statistical significance. 


Nonatopic patients were shown to have signifi- 


cantly greater cellular heparin levels. The mast cell 
counts on specimens fixed in Carnoy’s solution sug- 
gested that this might simply reflect a larger 
number of granulated mast cells in the nonatopic 
patients. Further counts with different staining pro- 
cedures on specimens fixed in 4% neutral buffered 
formaldehyde have shown that the number of nasal 
mast cells in atopic patients is similar to or greater 
than that found in nonatopic patients, and it is 
possible that different subpopulations of mast cells 
are demonstrated selectively by the methods used. 
In atopic patients, heparin stores may have been 
depleted prior to operation, while nonatopic nasal 
mucosa appears to contain a higher proportion of 
those cells that are demonstrated by fixation in Car- 
noy’s solution and that may contain an excess of 
nonreleasable heparin. Studies using a variety of 
histologic, electron microscopic, and histochemical 
techniques on larger numbers of patients are needed 
to establish the significance of these preliminary 
findings on nasal mast cell populations, and such 
studies are in progress. 
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METASTATIC THYROID CARCINOMA PRESENTING AS 
DISTAL SPINAL CORD COMPRESSION 


STEVEN I. GOLDSTEIN. MD 


DAVID KAUFMAN, MD 


ANDREA D. ABATI, MD 


NEW YORK, NEW YORK 


The prognosis of metastatic thyroid carcinoma is dependent on the age of tæ patient, the histologic characteristics of the neoplasm, 
and -he site of metastasis. A more favorable prognosis is found in patients less ther 40 years old with follicular carcinoma and without any 
bony metastases. Metastatic thyroid carcinoma presenting as distal spinal cord compression is extremely rare. We report one such case and 
review the literature. As reported in the literature, the combination of decomprsssive laminectomy followed by total thyroidectomy and 
radieactive iodine therapy has proved to be effective in the treatment of patients with thyroid carcinoma metastatic to the distal vertebral 


bodes. 


KEY WORDS — metastatic thyroid carcinoma, spinal cord compression. 


INTRODUCTION 


Thyroid carcinoma metastatic to the epidural 
spaee and causing distal spinal cord compression is a 
rare entity. When it does occur, it is usually a late 
event, with the diagnosis of thyroid disease sus- 
pected or already established. Thyroid carcinoma 
presenting as an epidural metastasis with distal 
spiral cord compression without any previous 
symotoms of thyroid carcinoma (primary or meta- 
static) is extremely rare. We report one such case, 
whieh illustrates management principles in this 
group of patients. 


CASE REPORT 


A 58-year-old man was in good health until 8 
weeEs before admission, when he began to ex- 
perience progressively worsening back pain. One 
weeE before admission, he began to experience 
ataxa. The patient was admitted to another hos- 
pital where radiographs of the spine revealed de- 
struction of the left pedicle of T-10. A myelogram 
perfermed through a Cl-2 puncture showed a com- 
plete blockage at the T-10 level (Fig 1A). A com- 
puted tomographic scan of the spine demonstrated 
a large destructive lesion of the T-10 vertebral body 


Fig 1. Radiographic evaluation of 
spinal cord. A) Myelogram show- 
ing complete blockage at T-10 
level. B) Post-myelogram CT scan 
showing tumor mass (white box) 
pushirg spinal cord (surrounded 
by cortrast) and destruction of left 
vertebral body. 








with an extensive soft tissue mass (Fig 1B). The pa- 
tient _nderwent laminectomy, at which time a 
highly vascular and pulsatile mass was found. Be- 
cause of the vascularity and pulsations, resection 
was ne- attempted, and the patient was transferred 
to New York University Hospital on Dec 27, 1984, 
for an angiogram and embolization. 


Phy=cal examination revealed no detectable 
masses in the neck. Neurologically, the patient had 
slightl~ decreased motor strength of the right leg. 
Deep tendon reflexes of the lower extremities were 
slightly reduced but symmetrical. There was no 
ataxia. The results of thyroid function tests, as well 
as roune admission laboratory tests, were within 
norma. limits. 


A sp ral angiogram on Dec 28, 1984, revealed a 
large, aighly vascular osteolytic lesion of the T-10 
vertebr. Embolization of the feeding arteries was 
perforrsed. The patient was taken to the operating 
room o= December 30 for laminectomy and excision 
of a 6 = 6 x 3-cm fleshy epidural mass at the T-10 
level. Fathologic examination revealed neoplasm in 
bone. “he tumor consisted predominantly of cells 
arranged in various-sized follicles containing eosin- 
ophilic colloid material and papillary fronds sur- 
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rounding fibrovascular cores. The cells exhibited 
“ground glass” nuclei and a mild degree of atypia. 
Although in most areas they formed a single cell 
layer, occasionally they were heaped around the 
follicles and papillary fronds. The diagnosis of 
metastatic carcinoma of thyroid origin was made. 


Thyroid ultrasound study revealed a discrete 
solid nodule of less than 1 cm in the middle to lower 
pole of the right thyroid lobe. A smaller, ill-defined 
nodule measuring 0.5 cm was noted in the upper 
pole of the left thyroid lobe. A thyroid scan showed 
a cold area in the posterior medial portion of the 
right thyroid lobe. 


The patient underwent total thyroidectomy on 
Jan 24, 1985. Pathologic examination revealed a 
well-circumscribed, hard, tan-yellow nodule of 1 
cm in diameter in the medial upper portion of the 
right thyroid lobe. The microscopic appearance was 
similar to that of the metastatic lesion, having a 
predominantly follicular pattern. Capsular and 
vascular invasion were present (Fig 2). Despite the 
finding of both follicular and papillary compo- 
nents, which technically meant that the lesion was a 
papillary carcinoma, clinically the tumor behaved 
as a follicular neoplasm. 


The patient was discharged and readmitted on 
March 17 for radioactive iodine whole-body scan- 
ning, which showed several foci of uptake in the 
neck, as well as uptake by the right rib in the 
anterior axillary line. There was a small amount of 
uptake in the spine at the T-10 level. The scan was 
followed by radioactive iodine treatment with 
196.4 mCi of iodine 131. 


The patient has been followed for 2 years 3 
months since total thyroidectomy. Currently, there 
is no evidence of recurrent local or metastatic dis- 
ease, and all neurologic deficits have resolved. 


DISCUSSION 
Cancer of the thyroid is relatively uncommon. 


<“ ra - < 
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Fig 2. Light microscopic sections of neoplasm in thyroid gland showing samples of follicular and papillary patterns. Identical pat- 
terns were found in vertebral metastases. A) Follicular pattern only. B) Papillary pattern typical of well-differentiated papillary 
carcinoma. 


Approximately 1% of cancers in humans are thy- 
roid in origin.’ Follicular carcinomas account for 
20% to 30% of all thyroid carcinomas. They are 
typically solitary and encapsulated, and they pref- 
erentially metastasize by the hematogenous route to 
involve the skeleton and lung. The incidence of dis- 
tant metastatic spread from angioinvasive follicular 
carcinoma ranges from 10% to 50% .* The reported 
incidence of metastasis from thyroid carcinoma to 
bone varies from less than 1% to more than 40% .? 
McCormack’ reported the incidence of bony metas- 
tasis to be 7.6% for papillary carcinomas of the 
thyroid, 27.8% for follicular ones, and 38.5% for 
undifferentiated ones. In his series, a total of 91 
metastatic bony lesions were found in 33 of 259 pa- 
tients referred for nuclear medicine evaluation. The 
most frequent sites of bony metastasis were in the 
ribs and sternum, pelvis, and vertebral column. 


Fornasier and Horne* reviewed 374 autopsies of 
malignant neoplasms, of which 140 specimens were 
found to have evidence of disease metastatic to the 
vertebral bodies (thoracolumbar spine). Only one 
case of thyroid malignancy metastatic to the verte- 
bral bodies was found. Tumors of the breast, lym- 
phoma, tumors of the lung, and multiple myeloma 
were far more common. Baron et alë reviewed 127 
autopsy specimens of neoplasms metastatic to the 
spinal cord and found only three cases of thyroid 
carcinoma metastatic to the spine. 


The diagnosis of metastatic thyroid carcinoma 
consists of total body scanning to determine the lo- 
cation of the malignancy. This is followed by total 
thyroidectomy to establish a histologic diagnosis as 
well as to enhance the ability of the metastatic foci 
to take up radioactive iodine. Thyroidectomy ac- 
complishes this by removing the competing thyroid 
gland and by creating a hypothyroid state that in 
turn causes an increased secretion of thyroid-stimu- 
lating hormone, which stimulates uptake of radio- 
active iodine by the metastatic foci. After the initial 
treatment, the patient undergoes a series of radioac- 
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tive iodine treatments to obliterate any remaining 
thyroid tissue. 


The survival of patients with metastatic thyroid 
carcinoma is imfluenced by the patient’s age at 
diagnosis, the histologic characteristics of the thy- 
roid malignancy, and the site of metastasis. It is rec- 
ognized that well-differentiated thyroid carcinomas 
as a group are much more aggressive and lethal in 
patients over the age of 40. Older patients with 
follicular carcinoma have a better prognosis than 
pacients of a similar age with papillary carcinoma. 
In a series of 46 patients with distant metastases 
from papillary or follicular carcinoma, Leeper‘ 
found older patients with follicular carcinoma to be 
mcre treatable and more responsive to radioiodine 
therapy than were patients of a similar age with 
papillary carcinoma. (A patient was considered 
treatable if he or she had a positive thyroid scan and 
a greater than 20% retention of tracer at 48 hours.) 
Sixty-one percent of the older patients with follicu- 
lar carcinoma were found to be treatable, and the 
5-year survival rate was 100% for those treated. In 
contrast, 47% of the older patients with papillary 
carcinoma were found to be treatable, and the 
5-year survival rate was only 14% for those treated. 
Treatment with radioactive iodine did not signif- 
icantly affect the survival of the older group with 
papillary carcinoma, whereas the survival rate for 
the older group with follicular carcinoma was in- 
creased significantly over that of untreated pa- 
tients. 


The prognosis of patients with bony metastases 
has been reported to be less favorable than that for 
patients with only pulmonary metastases. Harkness 
et al? reported a series of 333 patients treated with 
total thyroidectomy and radioiodine therapy. Thir- 
ty-six patients (10.8%) of the series had metastases 
to hung, bone, or both. The 10-year survival of pa- 
tients with bony metastases was 30%, whereas for 
patients with only pulmonary metastases it was 
87%. In a series of 263 patients treated with total 
thyroidectomy and radioiodine therapy, Varma et 
al’ also reported that survival rates were significant- 
ly lower when the metastases presented in the lungs 
rather than in hymph nodes and that they were 
lowest when metastases were detected in bones. 


Thyroid carcinoma metastatic to the epidural 
space causing distal spinal cord compression is a 


rare entity. Brodner et al? reviewed the literature 
and ound only six previously reported cases; they 
reposted two additional cases. Goldberg and Dit- 
chek reported three cases of thyroid carcinoma 
with spinal cord compression; two of these patients 
had symptoms of spinal cord metastases during 
withdrawal of thyroid suppressive therapy in prep- 
aratien for radioactive iodine therapy. Shortcliff 
and «_rapo’® reported a similar case of spinal cord 
comeression developing after cessation of thyroid 
replacement in preparation for a routine body scan. 


Le=ons metastatic to the spinal cord from thyroid 
malismancies are generally slow growing and usual- 
ly ræ.ain fairly well localized to one area of the 
epidiaal space for many months."' Patients with 
such lesions usually develop gradual spinal cord 
compression. In a series of 329 laminectomies for 
tumo~3 of the spine, cord, and meninges, Rogers” 
founc 51 malignant tumors, of which 22 (43%) 
were “etastatic. The absence of lymphatic tissue in 
the e= dural space and the presence of the vertebral 
veins with abundant valveless interconnections 
were reasons cited for the high incidence of blood- 
borne carcinoma metastatic to the epidural space. 
The cara protects the spinal cord from invasion by 
malig ant neoplasms of the epidural space, and the 
metasases usually can be stripped through a line of 
cleave ze from the external surface of the dura 
matez.’' Therefore, these patients are good can- 
didates for laminectomy and decompression, and 
the metastatic foci usually can be excised, thus 
reliewmg pain and averting paraplegia.''”” 


CONCLUSION 


The prognosis of metastatic thyroid carcinoma 
depemcs on the patient’s age, the tumor’s histologic 
charae-eristics, and the metastatic sites. A more 
favor=ble prognosis is found in patients younger 
than =O years of age with follicular carcinoma and 
witho st bony metastases. Metastatic thyroid car- 
cinom presenting as a distal spinal cord compres- 
sion as in the case reported is extremely rare. As 
repor=d in the literature, the combination of de- 
compzessive laminectomy followed by total thy- 
roide= amy and radioactive iodine therapy is thera- 
peutie for patients with thyroid malignancy meta- 
static > the vertebral bodies.*''~'? 
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VI INTERNATIONAL SYMPOSIUM ON THE FACIAL NERVE 


The VI International Symposium on the Facial Nerve will be held October 2-5, 1988, in Rio de Janeiro. For further information, con- 
tact Secretariat, Congrex, c/o Decio Castro, MD, Rua do Ouvidor 60, Suite 705, 20040 Rio de Janeiro, RJ, Brazil. 
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INTERNATIONAL WORKSHOP ON CRANIO-FACIAL TRAUMA 


The International Workshop on Cranio-Facial Trauma will be held October 9-14, 1988, in Adelaide, South Australia. The workshop 
is sponsored by the Australian Cranio-Maxillo-Facial Foundation. For further information, contact Mrs D. Moody, Executive Officer, 226 
Melbourne Street, North Adelaide SA 5006, Australia. 
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CLINICAL NASAL OBSTRUCTION AND OBJECTIVE RESPIRATORY 
MODE DETERMINATION 
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Nasal obstruction represents a considerable portion of the symptoms addresed by the otolaryngologist. It has received widespread in- 
terest in the orthodontic literature as well, because of the presumed relation between nasal obstruction and facial growth, especially ver- 
tical maxillary excess. The ~ange of normal variation in oral versus nasal breathirg has not been defined. This study attempted to correlate 
patent symptoms with respiratory mode. A sample of 20 symptomatic adult subjects presenting with nasal obstruction was compared to a 
control sample of 20 asymptomatic adults by means of SNORT (Simultaneous Nasal and Oral Respirometric Technique). Nasal resistance 
wa: significantly different between the two groups, but percent nasality (that proportion of the total volume of air breathed nasally) was a 
more consistent and significant finding. The relevance of these results to both cinical and basic physiology is discussed. 


KEY WORDS — mouth breathing, nasal airflow, nasal resistance. 


INTRODUCTION 


Nasal obstruction long has been known to cause 
significant subjective discomfort. It is the present- 
ing complaint of a large number of patients in oto- 
laryngologic practice. Humans are considered to be 
preferential nasal breathers, except in cases of 
significant hypoxia or stress (as for example in an 
exercising athlete). Tctal nasal obstruction has been 
reported to cause hypoxemia and therefore is 
treated aggressively. Examples include the early 
repair of complete choanal atresia and oxygen ad- 
ministration in cases bf bilateral nasal packing for 
epistaxis. Side effects of total or partial nasal 
obstruction include a decrease in the senses of smell 
anc taste. More signizicantly, pulmonary function 
is felt to be affected adversely by nasal obstruction. 


The issue of nasal obstruction has widespread in- 
terest in the orthodontic literature because of a 
presumed relationship between nasal obstruction 
anc facial growth, especially the vertical maxillary 
excess known as the “adenoid facies.”' This consists 
of a relatively long lower facial height, high arched 
palate, a narrow V-shaped upper jaw, protruding 
upper incisors, and boggy nasal mucosa. Evidence 
frecuently quoted to support this theory stems from 
the animal studies by Harvold et al? in which total 
nasal obstruction created in monkeys had a pro- 
found effect im som2 animals on _ skeletodental 
growth. It should be noted, however, that although 
sometimes severe, the morphologic effects were not 
uniform among the animals, and no definitive con- 
clusions regarding the relationship between den- 
tofacial morphogenesis and mandibular and tongue 
posture could be drawn. Interindividual variability 
was considerable and permits only statistical in- 
ferences concerning group means to be made. Ex- 


trapolation to humans, particularly on a case-by- 
case basis, is not appropriate. A more comprehen- 
sive review of the controversy concerning otorhino- 
larynglogic intervention for orthodontic benefit is 
available.‘ 


It is notable that the diagnostic criteria for partial 
nasal obstruction are primarily subjective. The 
diurnal pattern of reciprocating turbinal congestion 
known as the nasal cycle also complicates the study 
of nasal resistance.*® 


Terms used in this report are the following: 
respiratory mode, oronasal ratio, and percent 
nasality. Respiratory mode refers to the predomi- 
nant breathing route, whether oral, nasal, or 
oronasal. Oronasal ratio and percent nasality refer 
to the proportion of the total volume of air respired 
nasally or orally. Mathematically, this relationship 
is expressed as 


percer t nasality = (nasal volume/oral + nasal volume) x 100 


Spee fically, this study had three aims: 


1. To examine the hypothesis that nasal resistance 
is ccrrelated directly with the oronasal ratio; 

2. To examine the presumed correlation of the level 
of si bjective symptoms with nasal resistance and 
the -espiratory mode; and 

3. To 2valuate the validity of the clinical term 
“mouth breathing” to describe a physiologic 
phenomenon. 


Several methods of determining the degree of 
nasal and nasopharyngeal obstruction have been 
used in the past. These vary from history and physi- 
cal examination, including the presence of lip in- 
competence, to radiographic analysis and, more re- 
cently, -hinomanometric evaluation. Lip incompe- 
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tence is defined as the presence of an interlabial gap 
in the position of relaxation of the facial and man- 
dibular musculature. 


Lip separation frequently has been used as a clin- 
ical indicator or nasal obstruction, but when stud- 
ied carefully, has been found to correlate poorly 
with quantifiable or objective measures of nasore- 
spiratory function. In fact, 80% of a group of 1,700 
randomly selected children in Winston-Salem, 
North Carolina, were noted to have lip separation 
at rest. This has been postulated to be due to asyn- 
chronous growth of the soft tissue and osseous struc- 
tures rather than nasal obstruction.’ 


Quick and Gundlach’ attempted to correlate na- 
sal symptoms with facial development as studied by 
means of lateral cephalograms in which note was 
taken of the mandibular plane-sella nasion angle. 
These authors felt that the long-faced patients had a 
smaller nasopharynx and that therefore minimal to 
moderate adenoid hypertrophy in them could lead 
more readily to increased nasal resistance and nasal 
obstruction. 


Radiographic analysis of the nasopharyngeal air- 
way represents another major tool in evaluation of 
the airway, especially in the pediatric age group, in 
whom adenoid hypertrophy is a common cause of 
obstruction.* The major criticism of this method of 
analysis is that it is a two-dimensional evaluation of 
a three-dimensional space or structure.”™'° Repeated 
exposure to irradiation also should be mentioned as 
a disadvantage. 


The range of normal variation in oral versus nasal 
breathing has been defined,''-'? but factors deter- 
mining the subjective sensation of nasal obstruction 
are poorly understood. Objective evaluation of na- 
sal airway resistance has been performed in a varie- 
ty of settings and has been found to vary with a 
number of factors. Position, exercise, temperature, 
exposure to carbon dioxide, and the nasal cycle 
number among these. Lateral recumbency is known 
to decrease ipsilateral nasal patency markedly and 
to be accompanied by an increased patency on the 
contralateral side. '* This effect of the horizontal po- 
sition has obvious implications with respect to ob- 
structive breathing disorders in sleep. 


A number of authors have addressed the relation- 
ship of nasal obstruction to sleep disorders. Induced 
nasal obstruction in healthy sons of sleep apnea pa- 
tients has been shown to increase significantly the 
prevalence of sleep apneas in this group; this find- 
ing supports the concept of a predisposition to sleep 
apnea.'® A large percentage of patients presenting 
with excessive daytime sleepiness have been found 
to have surgically correctable causes of nasal airway 
obstruction, correction of which alleviates the doc- 
umented sleep disturbance. '° 


The nasal cycle refers to a reciprocating change 
in resistance of the nasal chambers that occurs in a 


consistent pattern from subject to subject, lasting 
for 2 to 8 hours. The total resistance of the nasal 
passages remains relatively constant. The control of 
this phenomenon has been thought to be central in 
origin.*° 


Temperature also has an effect: cold consistently 
increases nasal resistance. Carbon dioxide and exer- 
cise are known to decrease nasal resistance.'’ This 
has been attributed to the peripheral vasoconstric- 
tive action of CO2 on the nasal mucosal vessels. 
Breath holding for over 30 seconds produces a 
decrease in nasal resistance, and hyperventilation 
has a variable effect. Hasegawa and Kern'® at- 
tributed this variability to the uneven balance of 
two opposing systems, the sympathetic system caus- 
ing vasoconstriction and lessening nasal resistance, 
and the parasympathetic system causing vasodila- 
tion of the nasal vessels. They felt that chemorecep- 
tors responding to the arterial PO2 and arterial Pco2 
thus affect the autonomic nervous system. 


Widely used topical preparations, including cam- 
phor, eucalyptus, and menthol vapor, have been 
studied and found to cause no change in nasal air- 
flow resistance, despite the subjective sensation of 
cold and of improved airflow.'® The existence of 
cold receptors has been postulated. The sensation of 
nasal airflow is discussed and is stated to have great 
clinical relevance in terms of symptoms. The au- 
thors cite cases of patients with atrophic rhinitis and 
hypothesize that the reported nasal obstruction in 
this condition despite atrophy of the turbinates 
could be due to diminution of nasal sensation of 
airflow. Clearly, the sensation of increased airflow 
is important in the continued widespread use of the 
therapeutic preparations studied. 


Finally, the importance of nasal obstruction to 
pulmonary function needs to be emphasized. Stud- 
ies by Ogura et al?° suggest that a reflex mechanism 
allows a clinically obstructed nose to affect pulmo- 
nary function adversely. 


A major factor that determines nasal resistance is 
the point of greatest constriction. This is felt in most 
patients to be at the nasal limenal valve area and 
has been described by Cottle?'? and more recently 
by Bridger” and Santiago-Diez de Bonilla et al.?* 
An earlier author interested in defining the work of 
nasal breathing was Tonndorf,** who applied Poi- 
seuille’s law as well as the Bernoulli principle to the 
aerodynamics of nasal airflow. 


During the last decade, rhinomanometric tech- 
niques based on the hydraulic principle have been 
developed to measure nasal resistance. Rhinomano- 
metry is a measurement of flow and pressure from 
which resistance is calculated from a modification 
of Ohm’s law (resistance = differential pressure/ 


flow). 


In our study, posterior rhinometry was used to 
measure the transnasal difference between the ex- 
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Fig 1. SNORT apparatus. FM — flowmeter, DAPT — <ifferential air pressure transducer. 


ternal nose and the oropharynx. Anterior rhinome- 
try, in contrast, locates the pressure transducers at 
the anterior edge of the nasal vestibule and thus 
could exclude the contribution of the nasal valve to 
total airway resistance. Another technique worthy 
of mention is the forced random noise technique,”° 
which at this point is used as a research tool. 


MATERIALS AND METHODS 


Our study compared a group of 20 adult asymp- 
tomatic subjects to a group of 20 symptomatic pa- 
tients with nasal obstruction. All subjects were 
questioned for symptoms referable to the upper air- 
way, and they had a complete head and neck ex- 
amination, which was conducted and documented 
by an independent clinician. Nasal resistance was 
tested before and after the use of a topical nasal 
decongestant (0.25% Neo-Synephrine spray) as 
wel as with and without tygon nasal alar tubes of 
two sizes (inner diameter 0.9 cm, outer diameter 
1.2 cm; and inner diameter 1.2 cm, outer diameter 
1.5 cm) inserted anteriorly to cancel the effect of 
the nasal valve. The technique used is called 
SNORT (Simultaneous Nasal and Oral Respiromet- 
ric Technique) and was described by Gurley and 
Vig” and more recently revised by Keall and Vig.”* 
It consists of continuous monitoring of nasal and 


Fig 2. Diagram for documentation 
of nasal examination. 1 — region 
of nasal vestibule, 2 — region of 
nasa valve, 3 — region of nasal 
airway adjacent to nasal bones, 4 — 
regicn of nasal turbinates, 5 — re- 
gion of choanae. 





oral airflow during inspiration and expiration. The 
subj=t is seated with the head enclosed in an air- 
tight chamber. The chamber is connected to two 
flowr eters, which are connected to a differential 
air pmessure transducer. The output is amplified and 


recor—ed. 


Ficare 1 shows a diagrammatic representation of 
the S~ORT apparatus. Figure 2 shows the diagram 
on waich the nasal examination was documented. 
The =_bject’s breathing was recorded for 2 minutes 
unde: each condition, generating data on several 
comp ete respiratory cycles. Parameters obtained 
included air volume, duration, and peak airflow of 
nasa. and oral respiration during each inspiration 
and expiration. Oronasal ratios were calculated 
automatically by a computer. Previous studies have 
not ewaluated the oronasal ratio or percent nasality. 


Bot percent nasality and nasal resistance data 
from ne patient and control groups were skewed, 
percea: nasality to high values and nasal resistance 
to low values. Therefore, nonparametric statistical 
tests were used. The Mann-Whitney test was used as 
a statstical analysis to test the hypothesis that two 
randon samples came from the same population. 
The X test was used to compare symptoms to nasal 
resistaz.ce and also to percent nasality. 


ileal 
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RESULTS 


The patient group was found to consist of six pa- 
tients with turbinal hypertrophy, seven patients 
with nasal septal deviation, two patients with nasal 
polyps, and five patients with a combination of sep- 
tal deviation and enlarged turbinates. 


Results presented are derived from the quantita- 
tive analysis of data gathered. The first graph (Fig 
3A) displays the distributions of nasal resistance and 
percent nasality. It can be seen from this scatter 
plot that there is not a linear relationship between 
nasal resistance and percent nasality. The cluster of 
points in the top left-hand corner of the scatter plot 
represents the normal control population. Apart 
from this, the relationship between nasal resistance 
and percent nasality appears to be variable, with 


differing degrees of nasality being associated with 
increasing nasal resistance. It should be noted that 
at a given resistance of 5.0 cm H2O0/L/s, the entire 
spectrum of percent nasality is seen. This relation- 
ship does not become less variable in expiration or 
with the use of a topical decongestant or dilation of 
the nares (Fig 3B-D). Consequently, at least within 
the range of nasal resistance recorded in this study, 
it is not possible to predict what the respiratory 
mode will be, given nasal resistance data. Further 
analysis of the data reveals that nasal resistance is 
significantly different (p = .006) between the group 
medians of patients versus control subjects. In- 
dividual outcome, however, could not be predicted 
on this basis (see Table). 


Analysis of the data from the control population 
alone revealed a median percent nasality of 98%. 
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TESTS OF INDEPENDENCE BETWEEN SYMPTOMS 
AND NASAL RESISTANCE AND SYMPTOMS 
AND PERCENT NASALITY 


No. of Patients 


Nasal resistance 


<3.5 cm H20/L/s 8 of 23 
=>3.5 cm H20/L/s 12 of 17 
Total 20 of 40 


x? = 5.0128 (p = .0252) 
Percent nasality 


< 80% 13 of 17 
> 80% 7 of 23 
Total 20 of 40 


x? = 8.2864 (p = .0040) 


Further, 80% nasality represented the fifth percen- 
tie of the normal control population. Up to now, 
the concept of what constitutes nasal impairment 
has been at best a rough estimate. This analysis 
begins to put a numeric value on this assessment. 


In addressing the correlation of symptoms with 
nasal resistance and percent nasality, it was found 
that symptoms correlated more strongly with per- 
cent nasality than with nasal resistance (see Table). 


DISCUSSION 


As with any new method of measurement 
adopted for clinical use, the variability of the tech- 
nelogy described needs to be addressed. The repro- 
dacibility of SNORT was evaluated in a previous 
study in this laboratory in which nasal resistance 
was found to be three times as variable as percent 
nesality on a test-to-test comparison. 


The results of the material presented have sig- 
nificance in the clinical treatment of nasal obstruc- 
tion. They argue for offering appropriate medical 
or surgical treatment for the patient with the symp- 
tom of nasal obstruction who also has documented 
findings on physical examination. The more in- 
teresting questions raised by this study, however, 
relate to nasal physiology, which compared to pul- 


monary function is less well understood. Mecha- 
nisms determining respiratory mode potentially 
relate to a number of factors, including the effort or 
perceived effort of breathing through the nose, as 
well as the learned or habitual response. Factors 
suggested by other authors to determine the switch 
from nasal to oronasal breathing include collapse of 
the-aaterior nares, changing nasal resistance, sensa- 
tion ef breathlessness, and perception of the amount 
of effort required for breathing.?*-*' A feedback 
mechanism based on effort of nasal breathing to the 
mode of respiration is suggested by data that relate 
pulmonary effort to nasal respiratory effort. 


In the last decade, Rodenstein and Stanescu,*?'*? 
Rodenstein et al,** and Proctor,**** aided by fluo- 
roseopy, have elucidated the role of the soft palate 
in eronasal respiration. Rodenstein and Stanescu 
demcnstrated that during quiet breathing the soft 
palate closed the oropharyngeal isthmus. During 
foreei vital capacity maneuvers, mouth breathing 
was ised, with the soft palate closing the naso- 
pharrnx. These authors also found nasal respiration 
to occur during quiet breathing in 15 of 20 naive 
normal subjects.” In another study, by Rodenstein 
et al," mouth breathing resulted in a significant in- 
crease in tidal volume and in the ratio of inspiratory 
time to total respiratory cycle duration, without a 
change in breathing frequency. They concluded 
that in fact the soft palate plays a role in breathing 
as wal as in swallowing and phonation. Proctor**** 
postulates a CNS controller that adjusts upper air- 
way patency during activities. 


In summary, the subjective complaint of nasal 
obstraction is affected by numerous factors includ- 
ing anatomic ones, nasal airway resistance, and 
subjective perception of effort. The oronasal ratio 
may be a more reliable parameter of the obstructed 
nose -han is a given nasal resistance. Below 80% 
nasal-ty in this study was correlated with the clini- 
cal diagnosis of nasal obstruction. 
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HISTOPATHOLOGIC STUDY OF EUSTACHIAN TUBE 
IN CLEFT PALATE PATIENTS 
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We studied eight temporal bones from eight individuals with cleft palates (CPs) and eight age-matched control temporal bone 
specimens from our collection. We used the eustachian tube (ET) and its sumcunding structures in serial vertical histologic sections. The 
findings observed in CP specimens were as follows: 1) the angle between axial ines through the tensor veli palatini (TVP) muscle and the 
superior portion of the ET lumen was narrow, 2) the angle between axial lines tarough the lateral lamina and the medial lamina of the car- 
ti-age was wide, 3) the angle between axial lines through the TVP muscle amd the lateral lamina of the cartilage was narrow, and 4) the 
angle between axial lines through the superior part and the inferior part of the ET lumen was wide. From these findings, we assume that 
the ET dysfunction that occurs in individuals with CP is the result of abnorma ities of the ET and its cartilage and of abnormal anatomic 
rdationships of these structures to the TVP muscle. 


KEY WORDS — cleft palate, congenital anomalies, eustachian tube, geometric measurement, histopathology, temporal bone. 


INTRODUCTION 


Otitis media with effusion is universally present 
in infants with unrepaired clefts of the palate.'” 
Studies™ć have indicated that the eustachian tube 
(ET) is functionally obstructed in children with 
cleft palates (CPs). However, no quantitative mor- 
pnometric studies of the ET and its related struc- 
tures in individuals with CP and age-matched con- 
trol individuals have been reported. For this reason 
quantitative morphometric measurements of these 
structures were obtained and analyzed to detect 
possible associations between morphologic abnor- 


malities in the ET and functional tubal obstruction 
in children with CP. 


MATERIAL AND METHODS 


Sir ce 1981 we have used the technique described 
by Sando et al’ to remove and process 111 human 
temporal bone specimens that have included the en- 
tire ET and its accessory structures, eg, tensor veli 
palatini (TVP) muscle, levator veli palatini (LVP) 
musde, hamulus. From specimens in our collection, 
eight temporal bones from eight individuals with 
complete CP, whose ages ranged between 24 weeks 


Fig 1. Schematic drawing of cartilaginous portion of eustachian tube (ET) showing 
how measurements were made. Cross-sectional length of cartilage is indicated by 
line lm made by connecting tip of lateral lamina (1) to bottom of medial lamiua (m) 
along middle of cartilage. Cross-sectional length le to em was obtained in following 
manner. Line a was drawn to represent long axis of medial lamina. Line b, wich 
i. tangentially connected with highest point, c, of tubal side of cartilage, was 
crawn perpendicular to line a. Line d, which is parallel to line a and perpenciaular 
to line b, was finally drawn to divide line lm at point e. Total cross-sectional eagth 
cf cartilage in each section was determined by drawing line from top of lateral am- 
iaa to bottom of medial lamina. Cross-sectional lengths of lateral and media. lami- 
nae of cartilage were obtained by dividing total cross-sectional length of cartdage 
into two. Cross-sectional length of tubal lumen was determined by drawing line 
f-om top to bottom of lumen such that line passed as closely as possible thre ugh 
raiddle of lumen. Width of tubal lumen was measured in sections from lateral to 
medial side of tube. Width of medial lamina of ET cartilage was measured imsame 
manner as for measuring width of ET lumen. LVP — levator veli palatini muscle, 
TVP — tensor veli palatini muscle, A — anterior, I — inferior, L — lateral. M — 
medial, P — posterior, S — superior. (From Kitajiri et al.’) 
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Fig 2. Schematic drawing of angles. Angle 1 is between axial lines through tensor veli palatini (TVP) muscle and 
through superior portion of eustachian tube (ET) lumen. Angle 2 is between axial lines through lateral lamina and 
through medial lamina of cartilage. Angle 3 is between axial lines through TVP muscle and through lateral lamina 
of cartilage. Angle 4 is between axial lines through superior and inferior parts of ET lumen. A) Children with cleft 


palate. B) Normal children. 


gestation and 6 weeks old (24 and 32 weeks gesta- 
tion; 1, 2, 3, 10, and 30 days old; and 6 weeks old) 
were selected and studied. Associated conditions di- 
agnosed in these infants included multiple congeni- 
tal anomalies, trisomy 13 syndrome, and anenceph- 
aly. For comparison, eight age-matched control 
temporal bone specimens also were studied. 


Study of normal adult ETs (T. Okuno and I. San- 
do, unpublished data) has shown that the cross-sec- 
tional area of the lumen of the midcartilaginous and 
isthmus portions varies little among individuals; 
however, this dimension varies greatly in the pha- 
ryngeal and tympanic portions. Thus we studied 
the lumen and the cartilage of the midcartilaginous 
and isthmus portions anatomically. We also studied 
the relation between the cartilage and lumen and 
the TVP muscle, considered to be the only muscle 
related to active tubal opening.® 


All temporal bone specimens were removed at 
autopsy and fixed in 10% formalin. After decalcifi- 
cation in 5% trichloroacetic acid and dehydration 
in graded solutions of ethanol, specimens were em- 
bedded in celloidin and sectioned vertically in the 
plane perpendicular to the long axis of the petrous 
bone. Every 20th section was stained with hematox- 
ylin and eosin, and sections were mounted on clean 
glass slides for light microscopic study. 


The ET and its surrounding structures in repre- 
sentative vertical histologic sections from both the 
midcartilaginous and isthmus portions of the ET 
were projected onto plain paper, traced, and meas- 
ured. (The cross-sectional area was measured with a 


compensating polar planimeter.) 


The following measurements were made in each 
of two portions (midcartilaginous portion and isth- 
mus portion) of the ET as shown in Fig 1°: 1) the 
cross-sectional area of the lumen of the ET and of 
the ET cartilage, 2) the cross-sectional length of the 
tubal lumen and of the total cartilage, and 3) the 
width of the tubal lumen and of the medial lamina 
of the ET cartilage. 


The following measurements were made in the 
midcartilaginous portion only: 1) the cross-sectional 
area of the TVP muscle and the LVP muscle and 
2) the cross-sectional length of the lateral and medi- 
al laminae of the cartilage (Fig 1°). 


The following angles were measured in the mid- 
cartilaginous portion (Fig 2): 1) the angle between 
the axis of the TVP muscle and a line through the 
superior portion of the ET lumen, 2) the angle be- 
tween lines drawn through the long axes of the lat- 
eral and medial cartilaginous laminae, 3) the angle 
between lines drawn through the long axes of the 
TVP muscle and the lateral lamina of the cartilage, 
and 4) the angle between the axis of the superior 
part and that of the inferior part of the ET lumen. 
For statistical analysis we used Student’s t test. 


RESULTS 


Tables 1 and 2 show the measurements we de- 
rived. While there were no statistically significant 
differences between the two groups in any of the 
measurements except those of the angles, trends 
were noted as follows. 


TABLE 1. MEASUREMENTS OF EUSTACHIAN TUBE 
STRUCTURES STUDIED 


Normal Cleft Palate 
x+SD x+SD 
Lumen 
Midcartilaginous portion 
Area (mm?) 0.6340.25 0.47+0.19 
Length (mm) 2.1 +0.50 2.0 +0.50 
Width (mm) 0.30+0.12 0.25+0.06 
isthmus portion 
Area (mm?) 0.3740.14 0.32+0.16 
Length (mm) 2.1 +0.50 1.8 +0.60 
Width (mm) 0.20+0.11 0.18+0.08 
Cartilage 
Midcartilaginous portion 
Area (mm?) 
Total 3.6 +1.40 4.8 +2.90 
Medial lamina 2.9 +1.30 4.2 +2.80 
Lateral lamina 0.67+0.33 0.60+ 0.32 
Length (mm) 
Total 4.4 +1.10 4.6 +1.60 
Medial lamina 3.4 +0.90 3.6 +1.60 
Lateral lamina 1.0 +0.36 1.0 +0.32 
Width (mm) 
Medial lamina 0.79+0.16 1.02 +0.53 
isthmus portion 
Area (mm?) 3.2 +1.40 3.5 +2.10 
Length (mm) 3.6 +0.90 3.8 +1.30 
Width (mm) 0.72+0.14 0.78+0.28 
Mescle (midcartilaginous 
portion) 
Tensor veli palatini 
Area (mm?) 4.2 +1.50 4.1 +2.00 
Levator veli palatini 
Area (mm?) 4.4 +1.70 2.8 +1.80 


EUSTACHIAN TUBE LUMEN 


Cross-sectional Area. In the midcartilaginous por- 
tion of the tempora! bones from individuals with 
CP, the cross-sectional area of the ET lumen tended 
to be smaller than in control specimens (Fig 3A). 


Cross-sectional Length. In the isthmus portion, 
the cross-sectional length of the ET in the CP speci- 
mens tended to be slightly less than in control speci- 
mens (Fig 3B). 


1.0 


Fig 3. Mean values and standard deviations of 

A) cross-sectional area, B) eross-sectional length, 9 5 
and C) width of eustachian tube lumen at its 
midcartilaginous (CJ) and isthmus (A) portions 

in children with cleft palate (CP) and normal 

chi dren (N). 


CP 
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“ABLE 2. ANGLE MEASUREMENTS IN DEGREES 
BETWEEN AXES OF EUSTACHIAN TUBE STRUCTURES 


Normal Cleft Palate 
Angle x +SD x +SD p 
TVP muscle and superior 
ZT lumen 74.8+14.3 47.8+26.2 <.05 
Lateel lamina cartilage 
-nd medial lamina 
«a-tilage —19.8419.2 2.4421.7 <.05 


TVP {mascle and lateral 


anina cartilage 80.1422.2 47.0416.2 <.01 


Supeaior ET lumen and 


“terior ET lumen 98.5421.9 137.4426.4 <.0l 


C-css-sectional Width. In the midcartilaginous 
portan, the width of the ET lumen tended to be less 
thar m control specimens (Fig 3C). 


Hb~wever, there was no statistically significant 
difference (p< .05) in these parameters between CP 
and >entrol specimens. 


CARTILAGE 


C™oss-sectional Area. In the midcartilaginous por- 
tion ‘he cross-sectional area of the ET cartilage in 
the —~> specimens tended to be greater than in con- 
trol specimens (Fig 4A). This difference was espe- 
cially notable in the medial lamina of the cartilage 
in the midcartilaginous portion (Fig 4B); in the lat- 
eral lemina of the cartilage there was no difference 
between the two groups (Fig 4C). 


Width. In the midcartilaginous portion, the 
wid b of the medial lamina in the CP specimens 
tenced to be greater than in control specimens (Fig 
4D) 


Length. There was no difference between the two 
groups in total cross-sectional length of the cartilage. 


MUS ZLE 


Tensor Veli Palatini Muscle. The cross-sectional 
areaot the TVP muscle at the midcartilaginous por- 
tion was almost the same in CP as in control speci- 
mens “Table 1). 


mm mm 
4.0 0.5 
2.0 0.25 
cP N cP N 
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Levator Veli Palatini Muscle. The area of the 
LVP muscle at the midcartilaginous portion was 
smaller in CP than in control specimens (Fig 5). 


ANGLES 


The angle between the axis of the TVP muscle 
and the axis of the superior portion of the ET lumen 
was measured (Table 2). The angle in individuals 
with CP (x = 47.8°) was narrower than in control 
subjects (x = 74.8°) (Figs 2 and 6A). There was a 
statistically significant difference (t = 2.55, p< .05) 
in this angle between CP and control subjects. 


Regarding the angle between the axes of the lat- 
eral and medial laminae of the cartilage, the angle 
in CP subjects (x = 2.4°) was wider than in control 
subjects (x = 19.8°) (Figs 2 and 6B). The cartilage 
was shaped like a boomerang in the CP specimens 
and like a shepherd’s crook in the control specimens. 
There was a statistically significant difference (t = 
2.16, p<.05) in this angle between the two groups. 


The angle between the axes of the TVP muscle 
and the lateral lamina of the cartilage was narrower 
in the CP subjects (x = 47.0°) than in control sub- 
jects (x = 80.1°) (Figs 2 and 6C), and this difference 
was statistically significant (t = 3.41, p< .01). 


The angle between the axes of the superior and 
inferior parts of the ET lumen was wider in the CP 
subjects (X = 137.4°) than in control subjects (x = 
98.5°) (Figs 2 and 6D). The ET lumen was shaped 
like an I in CP specimens and like a C in control 
specimens. There was a statistically significant dif- 
ference in this angle (t = 3.21, p<.01) between the 
two groups. 


The typical morphologic findings observed in an 
individual with CP (30 days old) and a normal, age- 
matched control subject (27 days old) are compared 
in Fig 7. 


DISCUSSION 


It is well known that children with CP have a high 
incidence of otitis media with effusion and that ET 


mm 


2.0 


Fig 4. Mean values and standard 
deviations of A) cross-sectional 
area, B) cross-sectional area of 
medial lamina, C) cross-sectional 
area of lateral lamina, and D) 
width of medial lamina of eusta- 

| chian tube cartilage in children 
with cleft palate (CP) and normal 
children (N). O — midcartilagi- 
nous portion, A — isthmus por- 
tion. 


dysfunction plays an important role in the causation 
of the disease in these patients. Many investigators? s 
have reported on the pathophysiologic findings in the 
ET in patients with CP. Although Dickson et al'®"' 
suggested that there are, in fact, measurable differ- 
ences in the anatomy of the ET between human fe- 
tuses with and without CP, quantitative morpho- 
metric studies of the ET and related structures in 
individuals with CP compared to age-matched nor- 
mal individuals, especially of postnatal age, have 
been reported infrequently. 


The ET lumen in human fetuses with CP (13 to 
19 weeks gestation) was smaller in cross-sectional 
area and in width than it was in control individuals 
in previous studies'™"™ as well as in the present study. 
A small ET lumen in individuals with CP may well 
be a factor in disturbed function of the ET in this 
population. Physiologically, an ET with a larger 
lumen would be expected to move gas between the 
middle ear and nasopharynx and to clear secretions 
from the middle ear into the nasopharynx more effi- 
ciently than an ET with a small lumen, as long as 
the ET is not patulous. One experimental study has 
confirmed that otitis media with effusion is secon- 
dary to a narrow ET lumen.” 


mm? 


6 


CP N 


Fig 5. Mean values and standard deviations of cross-sec- 
tional area of levator veli palatini muscle at midcarti- 
laginous portion in individuals with cleft palate (CP) and 
normal individuals (N). 
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100 


Fig 6. Mean values and standard devi- 
atiens of angles in eustachian tube 
(ET) and associated structures in sub- 
jects with cleft palate (CP) and nor- 
mal subjects (N). Angles are between 
A) axis of tensor veli palatini (TVP) 
mescle and line through superior por- 
tion of ET lumen, B) limes drawn 
through long axes of lateral and 
medial cartilaginous laminae, C) lines 
drawn through long axes of TVP mus- 
cle and lateral lamina of cartilage, 
and D) axis of superior part and that 
of inferior part of ET lumen (cross 
seetion at midcartilaginous portion). 


CP 


A 


Other researchers*®™'' noted that in fetuses with CP 
(between 13 and 19 gestational weeks) the cross-sec- 
tienal area of the ET cartilage was greater than nor- 
mal. The present investigators also report that the 
apnea was greater in CP subjects than in control sub- 
jects. This was especially true for the medial lamina 
of the cartilage. However, we cannot explain the 
origin of hyperplasia or its role in ET dysfunction. 


Fara and Dvorak” found that the LVP muscle 
was hypoplastic in newborns with CP. Dickson" re- 
perted that the LVP muscle was reduced in volume 
ir fetuses with CP. Our finding that the cross-sec- 
tional area of the LVP muscle is smaller in CP sub- 
jects than in control subjects appears to confirm 
those observations. 


On the other hand, the TVP muscle in individu- 
ats with CP has been reported to be essentially nor- 
mal, and this was confirmed in the present study. 
Kolborow’* reported that the lack of an anchor for 
the TVP muscle may be responsible for the poor 
tabal opening function noted in children with unre- 
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paired CP. 


Bluestone and Klein” outlined the major types of 
abnormal functioning of the ET that can cause oti- 
tis media. These include obstruction, abnormal 
patency, or both. Moreover, ET obstruction can be 
functional or mechanical or both, with functional 
obstruction resulting from persistent collapse of the 
ET cue to increased tubal compliance and/or an ab- 
normal active opening mechanism. The otitis media 
with effusion that is seen in all infants with unre- 
paired palatal clefts, and in many children with re- 
paired clefts, may be the result of a functional ob- 
struction of the ET.'* Takahara et al'° reported that 
the pathogenesis of otitis media with effusion in a pa- 
tient with a lymphoma appeared to be secondary to 
a dysfunction of the TVP muscle (the active muscle 
dilator of the ET) resulting from tumor destruction. 


In this regard, the angles between the TVP muscle 
anc the superior portion of the ET lumen, between 
the lateral and medial laminae of the cartilage, be- 
tween the TVP muscle and the lateral lamina of the 
cartilage, and between the superior and inferior 





Fig 7. Photomierographs of midcartilaginous portions of eustachian tube (ET). A) Left temporal bone of 30-day-old girl with cleft 
palate (CP) (H & E, original x32). In this case, area of ET lumen was smaller than in control specimens (Fig 3A). Also, area of ET 
cartilage was greater than in control specimens, especially in medial lamina of cartilage. Levator veli palatini (LVP) muscle was ky- 
poplastic. B) Left temporal bone of 27-day-old boy without CP (H & E, original x35). C — tubal cartilage, G — tubal gland, L — 


tubal lumen, TVP — tensor veli palatini muscle. 
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parts of the ET lumen appear to be closely associ- 
ated with the mechanism for opening the ET lu- 
men. In this, the first quantitative study of those 
angles, two of the angles (that between the axis of 
the TVP muscle and the superior axis of the ET lu- 
men, and that between the axes of the TVP muscle 
and the lateral lamina of the cartilage) were nar- 
rower in individuals with CP than in control sub- 
jects, while the other two were larger in individuals 
with CP than in control subjects. These results could 





explain the dynamics of the dysfunction in opening 
of the ET lumen in CP individuals. Individuals with 
CP who have pathologically narrow or wide angles, 
as just described, may have weaker opening forces 
acting on the ET lumen, especially its superior por- 
tion. Thus the cause of the otitis media with effu- 
sion noted in individuals with CP appears to be 
functional obstruction due to the smaller, and 
thereby less efficient, angle at which the TVP mus- 
cle pulls the ET lumen in these individuals. 
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EFFECTS OF LIDOCAINE AND PROCAINE ON CANINE 
NASAL BLOOD VESSELS 
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The effects of lidocaine and procaine on contractile responses of isolated eenine nasal mucosal blood vessels to field stimulation and 
methoxamine were investigated. Analysis of cumulative dose-response curves showed that the two local anesthetics antagonized methox- 
amine and inhibited the field-stimulation response. The latter effect was interpreted as due to the blockade of Na*channels. This would in- 
hibit nerve conduction induced by field stimulation. The former effect on methoxamine is probably caused by the effect of these anesthetics 
on the mobilization of Ca** needed for smooth muscle contraction. Preincubaticn of the nasal mucosa with low doses of procaine or lido- 
caine shifts the methoxamine dose-response curve to the right. With higher deses, the maximal response is also reduced. The shift of the 
dose-response curve showed that procaine or lidocaine can change the a-adremergic receptor affinity. Commercial 1% lidocaine with 
1: 100,000 epinephrine also inhibits field stimulation and antagonizes methoxam ne contractions. Lidocaine can increase the basal tone of 
nasal mucosa, while procaine cannot. From these results, we conclude that proeaine and lidocaine have common mechanisms in blocking 
Na’ channels but differ in their ability to modify Ca** stores or channels. 


KEY WORDS — local anesthetics, vascular smooth muscle. 


INTRODUCTION 


It generally is believed, but by no means is cer- 
tain, that most local anesthetics relax vascular 
smooth muscle and produce peripheral vasodila- 
tian. Local anesthetics have been shown to cause 
bleod vessels and other smooth muscles to relax.'~® 
However, procaine and lidocaine can cause human 
umbilical’ and cat and rat mesenteric veins* to con- 
trect. Contractile effects of some local anesthetics, 
including procaine and lidocaine, were also re- 
ported on the rat stomach strip.’ Also, a biphasic ef- 
fect on vascular smooth muscle has been reported. '° 
This diversity of effect of local anesthetics on blood 
vessels and other smooth muscles is quite interesting 
and precludes guessing their effect on any particu- 
lar vessel. 


There is widespread use of local anesthetics in 
otclaryngologic surgery, especially on the nasal 
mucosa. Vasomotor tone is one of the important 
factors controlling nasal patency. This, and the fact 
thet other drugs such as prostaglandins produce 
anomalous responses,'' prevents accurate predic- 
tion of the response of nasal blood vessels to many 
drugs. There appear to be no reports of the effects 
of these local anesthetics on nasal blood vessels. 


Most otolaryngologists use these local anesthetics 
in eombination with an a-agonist such as epineph- 
rine. The aims of the present investigation were to 
study the effects of procaine and lidocaine on the 
isolated canine nasal mucosa and to differentiate 
these effects from those of a-agonists. 


METHODS 
An in vitro preparation of dog nasal blood vessels 


was used in this study. The response of this prepara- 
tion to drugs and electrical stimulation has been 
described previously.'?''’ It is important to note that 
this is an en masse blood vessel preparation contain- 
ing arteries, arterioles, capillaries, venous sinusoids, 
venules, and veins. The recorded response is the re- 
sult af the activity of all vessel muscles. Nasal mu- 
cosa contains no contractile tissue except the smooth 
muscle of the blood vessels. 


The nasal mucosa was obtained from mongrel 
dogs that had been anesthetized with sodium pen- 
tobartital (30 mg/kg) and killed with intravenous 
KCl. 


The following assessments were performed with 
procaine and lidocaine. 


1. Effect on Electrically Induced Contraction. 
Electzical stimulation of this tissue causes sympa- 
thetie nerve remnants in the mucosa to release nor- 
epineparine. The norepinephrine crosses the nerve- 
muscle cleft and combines with a-adrenergic recep- 
tors in the blood vessel smooth muscle and induces a 
contraetion. If there is interference with transmit- 
ter release, electrical stimulation does not cause 
contraetion. Thus, presynaptic events are seen more 
easily with this procedure. 


2. Effect on Contraction Caused by 10° M 
Methozamine, an a-Agonist. This procedure is con- 
cerned with the examination of postsynaptic events 
such as muscle-receptor blockade, enhancement, 
and second messengers. 


3. Effect on Dose-Response Curves to Methoxa- 
mine. 
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Fig 1. Effects of increasing concentrations of A) lidocaine 
(Xylocaine) on contractions caused by electrical field 
stimulation of nasal mucosa and B) procaine on mucosa 
precontracted with methoxamine. 


4. Effect on Resting Tension of These Smooth 
Muscles. 


5. Effects of Commercial Lidocaine With Epi- 
nephrine on Both Electrically Induced and Me- 
thoxamine-Induced Contraction. 


The electrical field stimuli were generated by a 
Grass S-6 stimulator and were submaximal (30 V, 
95/s, 5-ms duration, 5 Hz) with a 1.5-minute interval 
between stimulations. All dose-response curves to 
methoxamine hydrochloride (courtesy of Burroughs 
Wellcome Co) were obtained using the cumulative 
dose method. Epinephrine could not be used for this 
purpose because the response faded with time, ie, it 
was not sustained. Procaine HC] and lidocaine HCl 
were obtained from Sigma Chemical Co. The pH of 
the solutions of local anesthetics was adjusted to 7 
with 0.01 NaOH. Commercial 1% lidocaine with 
1:100,000 epinephrine was purchased from Astra 
Pharmaceutical Products Inc. Student’s t test and 
the standard error of the mean were used for sta- 
tistical analyses. 


RESULTS 


1. Effect of Local Anesthetics on Electrically In- 
duced Contraction. The addition of either anesthet- 
ic caused a reduction of the size of contraction (Fig 
1A). (The concentration of 1% lidocaine commonly 
used in surgery is equivalent to 3.7 x 10°? M.) The 
ED50 (50% of the maximum effective dose) of pro- 
caine was 10°‘ M, for lidocaine it was 3 x 10-5 M. Us- 
ing the contraction produced by 30 V as the stan- 
dard (100%), the inhibition curves of lidocaine are 
all below 100%, even at low doses. Three of eight 
inhibition curves with procaine showed a contrac- 
tion greater than 100% at low doses of procaine. 
On the whole, the patterns of the two inhibition 
curves are similar (Fig 2A). 
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Fig 2. Dose-response effects of lidocaine (Xylocaine) and 
procaine on contractions caused by A) electrical field 
stimulation of isolated nasal mucosa and B) 10“ M 
methoxamine. 


2. Effect on Contraction Caused by 10°° M 
Methoxamine. Both anesthetics relaxed the precon- 
tracted nasal mucosa (Fig 1B). The EDs0 of pro- 
caine was 3 x 1075 M; for lidocaine it was 1 x 10-4 M. 
Even at high doses, lidocaine cannot completely re- 
lax the muscle. About 10% of the tension remains. 
Procaine completely relaxed the methoxamine- 
induced contraction. Higher doses (3 x 10-4 M) relax 
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Fig 3. Example of effect on methoxamine-induced contrac- 
tions caused by pretreatment of mucosa with procaine 
(bottom). Top is untreated control. Conc. — concentra- 
tion. 
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Fig 4. Dose-response curves of methoxamine-induced con- 
tractions in tissue pretreated with various doses for 30 
minutes. A) Lidocaine (Xylocaine), B) procaine. Signifi- 
cant difference (p> .01) in ED50 and maximal response is 
seen between nermal and those values obtained with three 
higher doses of lidocaine and procaine. 


tie muscle beyond the resting state (Figs 1B and 
ZB). 


3. Effect on Dose-Response Curves to Methoxa- 
mine. When the tissue is pretreated with either lo- 
cal anesthetic, the response to methoxamine is re- 
cuced (Fig 3). Low doses move the curve to the 
right; high doses decrease the maximal response. 
With 10° M lidocaine, the maximal response was 
cecreased almost 30% (Fig 4). With 3 x 10-4 M pro- 
caine, the maximal response was decreased almost 
42%. The shifting of the ED50 and the reduced 
maximal respense were highly significant as com- 
pared to the control group. 


4. Effect on Resting Tension. At resting tension, 
the tissue was under a weight of 0.5 g. Lidocaine 
could induce a small, slowly changing increase in 
tension (Fig 5). Because of the small size and slow 
time course, we were unable to produce a dose-re- 
sponse curve. 


5. Effects ef Commercial Lidocaine With Epi- 
nephrine on Both Electrically Induced and Methox- 


0.5 
g I5 min 
4 Si 
t 4 t 
074 3x107% IOS M 


XYLOCAINE CONC. 


Fic. Effect of increasing doses of lidocaine (Xylocaine) on 
basal tension. Conc. — concentration. 


amim-Induced Contraction. When 0.1 mL of com- 
mercial 1% lidocaine with 1:100,000 epinephrine 
(3.7 x 10°? M lidocaine with 5.5 x 10°° M epineph- 
rine’ were added to the mucosal preparation while 
it was being electrically stimulated, the mucosa 
contacted, but the spike contractions were totally 
inhimited (Fig 6A, bottom). When the same volume 
of tæ mixture was added to the preparation con- 
traced by methoxamine, there was an initial con- 
traction followed by an inhibition of contraction 
(Fig 5A, top). The mixture of epinephrine and lido- 
caine could cause the nasal mucosa to contract (Fig 
6B). but the size of the contraction was less than 
that caused by epinephrine alone and the relaxation 
phae was sharper. 


DISCUSSION 


I+ would seem that some of the effects of procaine 
and idocaine on nasal smooth muscle could be ex- 
plamed by postulating an inhibitory effect on post- 
synaptic a-adrenergic receptors. Other mechanisms 
are possible. 
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F g 6. A) Effects of commercial lidocaine (Xylocaine) with 
esinephrine on contraction caused by methoxamine (top) 
aad on contractions caused by electrical field stimulation 
œ nasal mucosa (bottom). B) Comparison of contraction 
caused by epinephrine alone to mixture of epinephrine and 


‘ocaine. 
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Traditionally, a parallel shift of a dose-response 
curve to the right has been taken to indicate that the 
antagonist that causes the shift is competing with 
the agonist for a specific pharmacologic receptor. If 
the antagonist causes a nonparallel displacement of 
the agonist dose-response curve, then the agonist 
and antagonist have a noncompetitive relationship 
with regard to the receptor. Not infrequently, a 
combination of these two situations is observed, ie, 
first, a parallel shift to the right, followed by a non- 
parallel component as higher concentrations of the 
antagonist are used. This behavior is characteristic 
of the so-called competitive irreversible antagonists 
and sometimes has been ascribed to the presence of 
spare receptors.'* Goldstein et al'® have discussed 
the evidence suggesting that the parallel component 
might result from an allosteric change in the affini- 
ty of a receptor for its agonist induced by irreversi- 
ble binding of the antagonist to a neighboring mac- 
romolecule. 


The present study demonstrates that local anes- 
thetics, generally regarded as nonspecific smooth 
muscle depressants, can alter the properties of 
a-adrenergic receptor systems. These effects resem- 
ble those produced by competitive, irreversible 
blocking agents. In this study, lower concentrations 
of the anesthetics caused a parallel shift to the right 
of the methoxamine dose-response curve. With high- 
er concentrations, a decreased slope and maximal 
response were evident. The former effect has been 
attributed by some investigators to changes in the 
affinities of the various agonists for their respective 
sites on the vascular smooth muscle. Local anes- 
thetics have been shown to exert significant antago- 
nistic effects on movement of calcium ions in a vari- 
ety of cell types,'®?? including smooth muscle.”*-** 


Procaine and lidocaine can inhibit the contrac- 
tion caused by electrical stimulation, and the two 
curves are quite similar to each other. This phe- 
nomenon could be explained if we consider local 
anesthetics as Na* channel blockers.”* They stabilize 
the sympathetic neuronal membrane and block 
nerve conduction during field stimulation. 


If the nasal tissue is pretreated with either pro- 
caine or lidocaine, the contraction caused by meth- 
oxamine is inhibited. This could be explained by the 
inhibition of the release of calcium ions that are re- 
quired during muscle contraction. Blockade of Ca** 
channels may also be responsible for the decreased 
slope and maximal response effects. Lidocaine ap- 
pears to act by blocking Ca** channels.‘ 


Low doses of procaine can increase slightly the 
contraction caused by electrical stimulation of the 
nasal mucosa (three of eight cases). Similar results 
were also obtained in sheep carotid arteries” and in 
dog tracheal smooth muscle.** This excitatory effect 
was suggested as due to a blocking action on K* 
permeability.’ A decrease in the K* conductance in 
the resting state by procaine resulted in membrane 
depolarization. Such a decrease could mask the ac- 
tivation of normal Ca** conductance and might in- 
crease the excitability of the cell membrane.”* 


The increase in basal tone caused by lidocaine 
could be interpreted as due to the release of Ca** 
from the sarcoplasmic reticulum or the prevention 
of the re-uptake of Ca** into the sarcoplasmic 
reticulum.”® Such differences between procaine and 
lidocaine may be due to their different ways of 
modifying Ca** pools. Further study is needed. 


Clinically, local anesthetics and a-agonists are 
combined for nerve block. a-Agonists such as epi- 
nephrine are used as vasoconstrictors for reducing 
blood loss during surgery. This study showed that 
procaine and lidocaine can cause vasodilation not 
only from blocking sympathetic tone but also from 
directly antagonizing the effect of epinephrine. 


The effects of procaine and lidocaine on electri- 
cally induced contraction are similar, while the ef- 
fects on the contraction caused by methoxamine 
and the effect on resting tension are different. Thus 
we conclude that procaine and lidocaine have com- 
mon mechanisms in blocking Na* channels but dif- 
fer in their ability to modify Ca** stores or channels 
when added prior to methoxamine contraction or in 
producing resting tension. 
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EVALUATION OF THERAPEUTIC POTENTIAL OF INTERLEUKIN 2- 
EXPANDED TUMOR-INFILTRATING LYMPHOCYTES IN SQUAMOUS 
CELL CARCINOMA OF THE HEAD AND NECK 
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Tumor-infiltrating lymphocytes (TILs) were isolated from surgically excised squamous cell carcinoma of the head and neck. Im- 
munohistology showed that the tumor was infiltrated by T-lymphocytes, many of which were activated as judged by the expression of the 
following surface antigens: HLA-DR, transferrin receptor, and receptors for interleukin 2 (IL2). Fresh TILs were unable to lyse natural 
killer cell (NK)-resistant and NK-sensitive tumor cell targets in chromium-release cytotoxicity assays. Tumor-infiltrating lymphocytes as 
well as autologous peripheral blood lymphocytes were cultured in media containing natural IL-2. Tumor-infiltrating lymphocytes pro- 
liferated better than autologous peripheral blood lymphocytes and exhibited sustained growth and antitumor effector function in long- 
term cultures. The IL2-expanded culture of TILs contained mostly CD8 + (suppressor/cytotoxic) T-lymphocytes with the morphology 
characteristic of lymphokine-activated killer cells. The ability to expand TILs with augmented antitumor activity in long-term cultures in- 
dicates that these cells could be therapeutically useful. Potential application of human TILs to adoptive immunotherapy of squamous cell 
carcinoma of the head and neck is discussed, and recent advances in immunotherapy with IL2-activated TILs are reviewed. 


KEY WORDS — adoptive immunotherapy, antitumor function, interleukin 2, squamous cell carcinoma of head and neck, tumor- 


infiltrating lymphocytes. 


INTRODUCTION 


Adoptive immunotherapy with lymphokine-acti- 
vated killer cells and interleukin 2 (IL2) has been in 
the forefront of both research and clinical activities 
in the last 2 years. Although lymphokine-activated 
killer cell therapy in conjunction with IL2 has come 
under criticism recently because of its severe toxici- 
ty in humans,’ it has proven to be remarkably effec- 
tive in animals with metastatic tumors,”” and its 
clinical performance continues to be evaluated. Re- 
cently, a new form of immunotherapy with tumor- 
infiltrating lymphocytes (TILs) was described.* In 
animal models, TILs appear to be 50- to 100-fold 
more effective than lymphokine-activated killer 
cells in causing regression of established metas- 
tases.* 


On the basis of experiments in animal models, 
TILs from human tumors now are being intensively 
evaluated for their antitumor function. The ra- 
tionale for using TILs isolated from human solid 
tumors for adoptive immunotherapy rests on the 
following assumptions: 1) TILs can be recovered 
successfully from a solid tumor, 2) TILs represent a 
population of effector cells with potent antitumor 
activity, 3) TILs with antitumor function can be ex- 
panded in vitro to achieve large numbers of effec- 
tors with potent antitumor activity, and 4) the ad- 
ministration of these effectors either locally or 
systemically to a patient with malignancy is feasi- 
ble. The most appealing feature of TILs may be 
their specificity for the autologous tumor as shown 
by experiments in animals® and, very recently, in 


human melanoma.‘ Their application to immuno- 
therapy in humans represents an experimental but 
promising approach that already is being evaluated 
in a clinical trial at the National Cancer Institute 
(NCI), Bethesda, Md. For that reason, it seems im- 
portant to review the properties of TILs from hu- 
man solid tumors and to indicate how the therapeu- 
tic potential of these cells can be evaluated in pre- 
clinical studies. In this paper, we wish to focus on 
squamous cell carcinoma of the head and neck as a 
tumor that seems to be particularly suitable for 
adoptive immunotherapy with TILs. 


Primary squamous cell carcinomas of the head 
and neck are generally well infiltrated with T-lym- 
phocytes.’”* Furthermore, increased numbers of 
TILs around and in the tumor have been related to 
improved prognosis and survival.*’? Thus, in 
squamous cell carcinoma of the head and neck, 
there exists preliminary evidence for involvement of 
TILs in the local immune response to tumor and in 
tumor regression.” '° While immunohistologic sub- 
typing of TILs in situ has allowed for the quantita- 
tion and localization of different subtypes of im- 
mune cells in the tumor, their functional properties 
and particularly their antitumor effector function 
remain to be defined. To do so, it is necessary to 
isolate these cells from the tumor tissue and probe in 
vitro their effector capabilities. To illustrate the 
feasibility and the potential of this approach, we 
describe here a case of squamous cell carcinoma of 
the head and neck, the isolation of TILs from the 
patient’s tumor, and functional studies of the 
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freshly isolated and IL2-expanded TILs. In addi- 
tion, the possible application of TILs obtained from 
surgically excised tumors of the head and neck to 
adoptive immunotherapy is discussed. 


MATERIALS AND METHODS 


Case History. The patient was a 64-year-old man 
with a 6-week histery of sore throat, dysphagia, 
right otalgia, and weight loss. He admitted to smok- 
ing ten packs of cigarettes per month. On physical 
examination, a large submucosal lesion was found 
at the base of his tongue. The lesion extended into 
the soft palate and retromolar trigone. A palpable, 
submandibular neck mass was present on the right 
side. Biopsy demonstrated squamous cell carci- 
nema. Clinical staging was T4N1MO. The patient 
underwent composite resection of the oral cavity 
neoplasm in continurty with radical neck dissection. 
The margins of the resection were free of tumor; 
hewever, 12 of 54 cervical nodes were involved 
with metastatic tumor. Following surgery, the pa- 
tient was treated with radiation therapy, and he re- 
mains asymptomatic 9 months following surgery. 


Isolation of Tuzaor-Infiltrating Lymphocytes. 
Tumor tissue obtained from surgery (3 g wet 
weight) was washec in tissue culture medium (see 
below) containing antibiotics, placed in a Petri 
dish, and divided into smaller and larger portions. 
The smaller portion was snap frozen and embedded 
in ornithine carbonyl transferase compound (Miles 
Laboratories, Naperville, Ill) for immunohistology. 
The larger portion (2.5 g) was minced with scalpels 
and processed as described by us earlier.'':’? Briefly. 
cellagenase (final cancentration, 2 mg/mL; Cooper 
Biochemicals, Malvern, Pa) and DNase (f.c., 100 
ug/mL; Sigma Chemical Co, St Louis) were used. 
and enzymatic digestion continued for 3 hours. The 
digest was filtered to remove tissue fragments anc 
cell clumps and layered on two consecutive dif- 
ferential Ficoll-Hypaque gradients.'''? The TILs 
were recovered from the lower interface, washed. 
counted in trypan b.ue, and either used directly for 
assays or expanded in T cell growth factor (see 
below). 


Immunohistology. Serial cryostat sections (5 wm) 
were cut, air-dried at room temperature for 18 
hours, fixed in cold acetone, and then stained with 
monoclonal antibodies to the surface antigens on 
mononuclear eells by the indirect immunoperox- 
idase method as described by us earlier.'':'* Con- 
trols included normal mouse IgG1 and IgG2 iso- 
types. The followirg monoclonal antibodies were 
used: Leu 4, Leu 5b, Leu 2a, Leu 3a, Leu 7, an- 
ti-HLA-DR, anti-transferrin, anti-interleukin 2 re- 
ceptor (anti-[L2R). Leu M1 (Becton Dickinson, 
Mountain View, Calif); Bl and NKH1 (Coulter 
Electronics, Hileah, Fla); and B73.1 (Dr Giorgio 
Trinchieri, Wistar Institute, Philadelphia). Table 1 
lists the specificities of the monoclonal antibodies 


TABLE 1. MONOCLONAL ANTIBODIES USED 
FOR IMMUNOHISTOLOGY 


Commercial Surface 
Designe tion Antigen * Cell Type Recognized { 
Anti-Leu 4 CD3 T cell receptor positive 
Anti-Leu 5b CD2 T cells forming E rosettes 
Anti-Leu 2a CD8 T suppressor cytotoxic 
Anti-Leu 3a CD4 T helper-inducer 
Anti-Leu 7 -- Subsets of T and NK cells 
Anti-N <H1l -— NK cells 
B73.1 CD16 NK cells expressing FcR 
Anti-irterleukin 2 CD25 Activated T/NK cells 

recay tor 
Anti-transferrin — Activated T cells 

reeeptor 
Anti-HLA-DR — Activated T cells, B cells, 

monocytes 

Anti-B - CD20 B cells 
Anti-L2u M1 CD15 Monocytes, granulocytes 


*CD designations refer to “cluster of differentiation” antigens on cell 
surfaces of human leukocytes as defined by Nomenclature Subcommit- 
tee əf First International Workshop on Human Leukocyte Diferen- 
tiation Antigens in 1982. 


tFER designates receptor for immunoglobulin; E-rosette receptor defines 
pepalation of T cells that form rosettes with sheep erythrocytes. 


we used. Stained serial sections were viewed with a 
Leitz light microscope, and positive cells were 
enumerated with a grid at a magnification of x400 
as described earlier.'':'? Briefly, stained cells within 
a grid positioned over the tissue were counted in 
five igh power fields. Attempts were made to posi- 
tion the grid in representative areas of the tissue ex- 
amin2d in order to enumerate stained cells in in- 
tense as well as scattered infiltrates.’ 


Peripheral Blood Lymphocytes. Mononuclear 
cells were obtained from 30 mL of venous blood col- 
lected prior to surgery and centrifuged on Ficoll- 
Hypeque gradients.'* The cells were washed with 
tissue culture medium, checked for viability, and 
cultured as described below or used fresh as effec- 
tors m cytotoxicity assays. 


Cal Cultures. Cell suspensions of TILs or au- 
tologous peripheral blood lymphocytes were ad- 
justed to a concentration of 0.5 x 10° cells/mL in 
24-well Costar plates containing 2 mL of tissue 
culture medium. Then RPMI-1640 (Gibco) was 
supp.emented with 5% pooled and pretested AB 
human serum, 2 mM glutamine and antibiotics 
(penicillin and streptomycin), and 25% (v/v) T cell 
growth factor. The cells were incubated in a 5% 
carbon dioxide atmosphere at 37°C. Every 48 
hours, the cultures were monitored for cell numbers 
and-subcultured when cell numbers approached 1.5 
to 2 x 10° cells/mL. Fresh tissue culture medium 
with T cell growth factor was used to replace half of 
the ,olume of conditioned medium, and cell con- 
centrations were never allowed to exceed 2 x 10° 


cells/mL. 


T Cell Growth Factor. Supernatants of human 
spleen cells activated with phytohemagglutinin 
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Fig 1. Immunoperoxidase staining of tumor with monoclonal antibodies to surface antigens on mononuclear cells 
(original x1,500). A) Numerous T-lymphocytes (CD2 + ) are seen in stroma, and some of these cells are in tumor 
parenchyma. B) Many lymphocytes surrounding nest of tumor cells express HLA-DR antigens. 


were prepared and precipitated with ammonium 
sulfate exactly as described by Moretta et al." 
Following extensive dialysis against tissue culture 
medium, T cell growth factor preparations were 
titrated by measuring the proliferation of IL2- 
dependent murine cytotoxic T-lymphocyte line ob- 
tained from NCI, Frederick, Md, and maintained 
in our laboratory. Proliferation of cytotoxic 
T-lymphocyte line (5 x 10* per well) in the presence 
of T cell growth factor was determined by 
*H-thymidine incorporation (1 pCi/well; specific 
activity 6.7 Ci/mmol; New England Nuclear, Bos- 
ton) and compared to that obtained with the refer- 
ence IL2 supplied by the Biological Resources 
Branch of NCI, Bethesda, Md. Basically, the T cell 
growth factor we used was an unpurified prepara- 
tion of natural IL2 that contained 10 to 12 U/mL of 
IL2 as determined in titrations against the reference 
IL2. 


Analysis of Lymphocyte Surface Markers. The 
following fluorescein- or phycoerythrin-conjugated 
monoclonal antibodies (Becton Dickinson, Moun- 
tain View, Calif) were used: Leu 4, Leu 2a, Leu 3a, 
Leu 5b, Leu lla, HLA-DR, and IL2R. Cells (1 x 
10°/tube) were incubated with 10 aL of labeled an- 
tibody for 30 minutes. After the cells were washed 
twice with phosphate-buffered saline-0.1% sodium 
azide buffer, two-color flow cytometry was per- 
formed using an Ortho analyzer (Ortho Diagnostic 
Systems, Raritan, NJ). 


Cytotoxicity Assays. Tumor cell line targets 
(K562 and Daudi; see below) were labeled with 150 
to 200 „Ci of Na®'CrO4 (5,000 pCi/mL; NEN, 
Boston) for 1 hour at 37°C. Cells were washed four 
times, resuspended in fresh medium, counted, and 
aliquoted at 5,000 targets per well into 96-well 
V-bottom plates. The effector cells then were ali- 
quoted into triplicate wells at set concentrations. 
The effector-to-target cell ratios were 50:1, 25:1, 
12.5:1, and 6:1. Plates were centrifuged at 65 times 
gravity for 5 minutes and incubated in 5% CO2 in 


air at 37°C for 4 hours. The supernatants were 
harvested using a Skatron harvesting press, and 
radioactivity was counted in a Micromedic ME-Plus 
automatic gamma counter. Percent cytotoxicity 
was determined using the following formula: 

experimental mean cpm — spontaneous release mean cpm x 100 


maximal mean cpm — spontaneous release mean cpm 


where cpm = counts per minute. 


Tumor Cell Lines. Cell lines were maintained in 
tissue culture medium supplemented with 5% fetal 
calf serum (Hazelton Research Products, Denver). 
They were tested at monthly intervals for myco- 
plasma contamination using a mycoplasma detec- 
tion kit (Gen-Probe, San Diego). K562, a human 
NK-sensitive erythroleukemia, and Daudi, a lym- 
phoblastoid NK-resistant cell line from NCI, Fred- 
erick, Md, were used as targets. Cells from cultures 
in the logarithmic phase of growth were used for 
cytotoxicity assays. 


Single-Cell Binding Assay. The assay was per- 
formed according to the procedure of Grimm and 
Bonavida.'® Conjugates were formed by mixing 
equal numbers of effectors and targets (K562), cen- 
trifugation for 5 minutes at 250 times gravity, and 
incubation at 37°C for 10 minutes. The percentage 
of conjugating lymphocytes was determined by 
counting the number of single lymphocytes bound 
to single target cells per every 100 total lym- 
phocytes. Then 0.5% agarose adjusted to 40°C was 
added to the cells, and the mixture was pipetted 
onto small culture plates. The plates were in- 
cubated at 37°C for 1, 2, and 3 hours. At the end of 
incubation, the plates were stained with trypan 
blue, and the number of stained target cells in con- 
jugates per total number of conjugates was deter- 
mined. Results were expressed as 


% cytotoxic cells = (% conjugated lymphocytes) x 
(% maximal lysed conjugated targets) /100 


Target cells cultured alone in agarose served as a 
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TABLE 2. IMMUNOHISTOLOGIC ANALYSIS OF 
MONONUCLEAR CELLS IN FRESH BIOPSY TISSUE 


Infiltration with monontclear cells 


Stroma 4+ 

Tumor 1+ 
T-lymphocytes* 

CD2 + 420 (4+) 

CD3 + 350 (4+) 


CD4/CD8 ratio 6 (Stroma) 
5 


2. 
0.5 (Tumor) 


Activated cells 


Interleukin 2 receptor — 50 (1+) 

HLA-DR + 250 (3+) 

Transferrin receptor + 150 (2+) 
Natural killer cells 

NKHI1 + Rare 

CD16 + Rare 

Leu 7 + 50 (1+) 
BAymphocytes 

CD20 + 50 (1+) 
Monocytes 

CD15 + 50 (1+) 


Serial cryostat sections (5 um) of tumor biopsy were stained with mono- 
clonal antibodies to surface antigens on mononuclear cells using indi- 
rect immunoperoxidase teehnique as described in Materials and Meth- 
ods. Degree of mononuclear cell infiltration was graded 4+ in com- 
parison to all other cases examined (see reference 11.) 


“Stained cells were enumezated in serial sections using ocular grid at 
magnification of x400. Positive cells per grid in five different high 
power field areas were counted in each serial section. Number of posi- 
tive cells per one high power field was calculated. Figures given repre- 
sent numbers of positive cells per one high power field. 


cantrol for spontaneous lysis during the assay. 


Cell Morphology. Freshly isolated TILs and T 
cel growth factor-expanded cells were cytocen- 
trifuged using a Shandon cytocentrifuge (Sewick- 
ley, Pa). The cytospin preparations were air-dried 
and stained with May-Grunwald-Giemsa stain (Sig- 
ma Chemical Co, St Louis). 


Immunoperoxidase Technique on Cytocentrifuged 
Cell Suspensions. The cytospin preparations of T 
cell growth factor-expanded cells were made, air- 
dred, fixed in cold acetone, and stained by the in- 
direct immunoperoxidase technique as described by 
us earlier." Sections were examined with a Leitz 
ligat microscope, and stained cells per total of 300 
celis were counted in consecutive fields at a magni- 
fication of x400. The percentages of stained cells 
then were calculated. 


RESULTS 


Immunohistologic staining of the tumor tissue 
revealed the presence of numerous mononuclear 
cells in the tumor stroma (Fig 1A). A few mono- 
nuclear cells also were found in the tumor paren- 
chyma. The majority of infiltrating mononuclear 
celk were T-lymphocytes (Table 2),'' as they ex- 
pressed the C2 and CD3 antigens; B cells and 
monocytes were rare. Many of the infiltrating T 
cells were in an activated state as judged by the ex- 
pression of the receptors for transferrin and the 


TABLE 3. CELLULAR COMPOSITION OF TUMOR- 
INFILTRATING LYMPHOCYTE PREPARATION 


% Total Celis 


Tumor cells 32 
Lymphocytes 50 
Large granular lymphocytes 3 
Eosinophils l 
Sranulocytes 14 


Cytecentrifuge preparations of tumor-infiltrating lymphocyte—enriched 
fractions were made following separation of enzymatic tumor digest on 
diseør tinuous Ficoll-Hypaque gradient, air-dried, and stainec with 
May-'srunwald-Giemsa stain. Then 345 stained cells in consecutive 
fields were counted independently by two individuals. 


HLA-DR antigens (Fig 1B). Natural killer cells were 
infrequent as judged by staining with three dif- 
feren: NK-reactive monoclonal antibodies (Leu 7, 
NKH1, and B73.1). The helper/inducer T cells pre- 
domi ated in the stroma (CD4/CD8 = 2.6; see foot- 
note to Table 1), but in the tumor parenchyma, 


suppressor/cytotoxic T-lymphocytes were more nu- 
merous (CD4/CD8 = 0.5). 


The tumor-infiltrating mononuclear cells were 
recov2red on differential Ficoll-Hypaque gradients 
follewing enzymatic digestion of the tumor tissue. 
As Table 3 indicates, the TILs were enriched 
(50% ., but tumor cells represented 32% of the cells 
recovered from the gradient interface. The total 
number of TILs recovered per gram wet weight of 
tumor was 1.6 x 10°. As judged by staining in trypan 
blue, the TILs had 100% viability. In contrast, 
recovery of tumor cells from the upper interface of 
the gradient was poor, and because of inadequate 
viabilrty, tumor cells were not cryopreserved. 


Morphologic examination of cytocentrifuge prep- 
aratie rs revealed that the freshly isolated TILs were 
small lymphocytes. Cells with the morphology of 
large zranular lymphocytes represented less than 
5% of the TILs. 


Cytotoxicity assays were performed with normal 
peripheral blood lymphocytes as controls; the 
results for the patient’s peripheral blood lym- 
phocytes and the patient’s TILs are shown in Fig 2. 
Fresh TILs were not able to lyse K562 or Daudi cell 
lines ir. the 4-hour chromium 51-release cytotoxici- 
ty assays. However, during long-term cultures in T 
cell growth factor, these TILs became cytotoxic 
against both K562 and Daudi targets around day 12 
of culture (data not shown) and reached the peak of 
activity around day 19. Incubation with IL2-con- 
taining supernatants (T cell growth factor) induced 
NK ae-ivity in TILs, and augmented that of au- 
tologo_s and normal peripheral blood lymphocytes; 
it alse mduced antitumor cell activity against “NK- 
resistar t” targets (Daudi) in normal as well as pa- 
tient’s deripheral blood lymphocytes and in TILs. 
Table 4 shows that in a single-cell binding assay 
with K562 targets, the freshly isolated TILs were 
not deficient in cytotoxic function. In contrast to 
their refractory behavior in the *'Cr-release assay, 
fresh T_Ls were as capable of killing K562 targets in 
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80 PBL (7) 

TO PBL (7) 
” TIL (19) 
” 60 
> 
- PBL (0) 

o 50 A-PBL (7) A-PBL (7) 
u 
G 40 TIL (19) 
Q A-PBL (0) 
” 30 
xs 
20 
10 
TIL (0) (0) 
6:1 12:1 25:1 50:1 
EFFECTOR: TARGET 


Fig 2. Cytotoxic activities of freshly separated (@) and T 
cell growth factor-expanded (O) tumor-infiltrating lym- 
phocytes (TILs), autologous peripheral blood lymphocytes 
(A-PBLs; A and A) and normal control peripheral blood 
lymphocytes (PBLs; W and L)). Cells were tested on days 
shown in parentheses. Cytotoxicities against K562 and 
Daudi were determined at 50:1 to 6:1 effector-to-target 
cell ratios. 


a single-cell assay as were autologous and normal 
peripheral blood lymphocytes. 


The TILs grew well in T cell growth factor-con- 
taining medium and expanded 80-fold by day 25 as 
established on the basis of cell numbers. The ex- 
panded TILs were analyzed for the expression of 
surface antigens by use of monoclonal antibodies 
and bicolor flow cytometry. The TILs were studied 
on days 16 and 25 of culture at the time of their op- 
timal expansion and cytolytic activity. The au- 
tologous peripheral blood lymphocytes were studied 
on day 7, at which time they achieved 15-fold ex- 
pansion. Both the expansion and cytolytic function 
of the autologous peripheral blood lymphocytes 
began declining after 10 days in culture. The TILs 
growing in T cell growth factor had the T cell 
phenotype, and suppressor/cytotoxic T cells 
(CD8 +) were more numerous (65% to 75% of all 
cells) in this culture than helper/inducer T cells 
(CD4 + ) (Fig 3A). In contrast, the latter predomi- 
nated (80% to 85% of all cells) in the culture of 
autologous peripheral blood lymphocytes (Fig 3C). 
The NKH1 + cells were infrequent in these cultures 
(less than 5% ; Fig 3B). The morphology of the TILs 
expanded in T cell growth factor is shown in Fig 4. 


The cells, some of which undergo mitosis, are 
enlarged and have a high cytoplasm/nucleus ratio 
and, in some cells, numerous small granules in the 
prominent Golgi zone. Nuclei are characteristically 
kidney-shaped, and the cytoplasm contains vacu- 
oles. This morphology is characteristic of IL2-acti- 
vated killer cells. 


DISCUSSION AND LITERATURE REVIEW 


The properties and interactions of lymphocytes 
infiltrating human solid tumors are of great interest 
because of a role these cells may play in tumor 
growth and progression. It has been emphasized 
recently that TILs from murine and human tumors 
are an especially good source of autologous tumor- 
specific cytolytic T-lymphocytes, which expand 
more in IL2 and express more effective and specific 
lytic function than lymphokine-activated killer cells 
from the peripheral blood.*® In our hands, TILs 
from squamous cell carcinoma of the head and neck 
appeared to have several characteristics that were 
distinct from those exhibited by autologous periph- 
eral blood lymphocytes. First, many TILs in this tu- 
mor were activated T-lymphocytes, ie, expressed 
activation markers (transferrin receptor, HLA-DR) 
in situ (Table 2). In autologous peripheral blood 
lymphocytes, the HLA-DR-positive T-lymphocytes 
represented only 2% (data not shown). Second, 
when isolated from the tumor, fresh TIL popula- 
tions were unable to kill tumor cell targets in in 
vitro assays. In contrast, autologous peripheral 
blood lymphocytes could lyse NK-sensitive targets 
(Fig 2). Third, TILs placed in culture in the 
presence of a relatively low concentration (25% v/v 
corresponding to 10 to 12 U/mL of the IL2 stan- 
dard) of T cell growth factor (natural, unpurified 
IL2) expanded more and achieved levels of cytotox- 
ic activity that were equal to or better than those of 
autologous peripheral blood lymphocytes. The TILs 
survived in long-term cultures without a loss of an- 
titumor activity longer than autologous peripheral 
blood lymphocytes (over 25 days). Finally, TIL 
populations expanded in T cell growth factor were 
enriched in T cells expressing the suppressor/cyto- 
toxic phenotype, while T cell growth factor-supple- 
mented cultures of autologous peripheral blood 
lymphocytes contained mostly cells with the help- 
er/inducer phenotype. 


TABLE 4. SINGLE-CELL 3-HOUR BINDING ASSAY WITH K562 TARGETS IN AGAROSE FOR NORMAL CONTROL AND 
PATIENT PERIPHERAL BLOOD LYMPHOCYTES AND TUMOR-INFILTRATING LYMPHOCYTES 


No. Conjugates % Conjugated Maximal % Lysed % Killer 


Effector Cell Counted Lymphocytes Lymphocytes in Conjugate Lymphocytes 
Normal PBLs (n = 3)* 250 + 50 10.0+2 35 +7 3.0+0.3 
Patient PBLs 170 12.9 18.2 2.3 
Patient TILs 260 11.6 36.0 4.1 
Patient PBLs + IL2 221 37.0 11.3 4.1 
Patient TILs + IL2 275 27.0 26.4 Teh 


Freshly isolated as well as IL2-expanded patient’s PBLs (day 7 of culture) and TILs (day 19 of culture) were tested in single-cell binding assay as de- 
scribed in Materials and Methods. 


PBL — peripheral blood lymphocyte, TIL — tumor-infiltrating lymphocyte, IL2 — interleukin 2. 
*Data presented as means + SDs of three experiments. 


Boscia et al, Tumor-Infiltrating Lymphocytes 419 


bh 


= 





Fig 3. Populations of -umor-infiltrating lymphocytes (TILs) expanded in T cell growth factor, cytocentrifuged, and stained by im- 
munoperoxidase technique show expression of CD8 antigen (original x1,200). A) CD8 + cells represent 65% to 75% of all cells in 
TIL culture. B) In same culture, NKH1 + cells are rare, representing < 5% of all cells. C) In culture of expanded autologous pe- 
ripheral blood lymphocytes stained by same technique, CD4+ cells were major population, accounting for 80% to 85% of all 


cultured cells. 


Viewed from the standpoint of immunotherapy, 
TILs isolated from this patient’s tumor met several 
of the requirements for the optimal effector cells. 
They expanded more, exhibited more sustained 
growth in a long-term culture, and had more sus- 
tained and higher entitumor effector function than 
did autologous peripheral blood lymphocytes. We 
have shown recently that TILs from other squa- 
mous cell head and neck tumors can be expanded in 
culture with high concentrations of recombinant 
IL2 and show similarly sustained antitumor effector 
function." 


It appears that tre freshly isolated TILs demon- 
strated no cytotoxic activity against K562 targets in 
an in vitro assay. This does not seem surprising in 
view of the fact that only rare large granular lym- 
phocytes were seen in situ by immunohistology or in 
the TIL-enriched suspension by morphology. As the 
standard *'Cr-release cytotoxicity assay uses high 
effector-to-target cell ratios, the presence of both 
tumor cells and putative suppressor cells in the TIL 
population could be responsible for the lack of the 
NK function in this population. When, on the other 
hand, TILs were mixed with K562 targets in equal 
proportions, as called for in a single-cell binding 
assay, the effector and target cell interactions were 
optimized and the possible inhibitory influence of 
suppressor/cytotoxic cells was diluted. There is evi- 
dence that immunoinhibitory substances produced 
by malignant cells contribute to the lack of im- 
munologic function often exhibited by freshly 
isolated TILs.'* A similar discrepancy between NK 
activity of freshly isolated TILs in two different in 
vitro assays was reported by Moy et al”? for TILs 
from human lung tumors. While the reasons for this 
discrepancy are nct clear, it is apparent that an- 


titumor effector cell activity of freshly separated 
TILs may be augmented in vitro by IL2. 


The comparative functional analysis of TILs and 
autelogous peripheral blood lymphocytes described 
here represents a novel approach to studies of anti- 
tumor effector function in humans. This approach 
has become possible because of the availability of 
natural and recombinant IL2 for in vitro experi- 
ments. As indicated by studies of Rosenberg et al,* 
murine TILs are more efficient killers than au- 
tologous lymphokine-activated killer cells. If hu- 
man TILs also can be shown to be more effective 
than lymphokine-activated killer cells, then the 
feasibility of expanding these TILs for adoptive im- 
munotherapy must be considered. Given the ability 
to obtain, isolate, and expand TILs in recombinant 





Fig 4. Morphology of T cell growth factor-expanded tu- 
mor-infiltrating lymphocytes that were cytocentrifuged 
and stained with May-Grunwald-Giemsa stain (original 
X3,700). 
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TABLE 5. SURFACE PHENOTYPES OF TUMOR-INFILTRATING LYMPHOCYTES EXPANDED IN IL2 


TILs 
Day 16 Day 25 
CD2 + 100 95 
CD3 + 80 75 
CD4 + 17 35 
CD8 + 35 50 
CD4 + /CD8 + 45 15 
CD4/CD8 ratio 0.5 0.7 
HLA-DR + 100 44 
IL2R + <1 45 
CD16 + <5 <5 


A-PBLs Control PBLs 
Day 7 Day 5 Day 18 
100 86 95 
95 89 82 
75 39 21 
28 44 45 
ND 7 4 
2.5 0.9 0.5 
<i ND ND 
100 70 32 
<5 <i <l 


TILs isolated from tumor biopsy as described in Materials and Methods were expanded in IL2, harvested on day 16 and again on day 25 of growth, 
and stained with monoclonal antibodies for flow cytometry. The patient’s and a normal control subject’s peripheral blood mononuclear cells were cul- 
tured under the same conditions and also stained for flow cytometry. Data presented as percentages of stained cells. 


TIL — tumor-infiltrating lymphocyte, PBL — peripheral blood lymphocyte, A-PBL — autologous peripheral blood lymphocyte, ND — not done. 


IL2 so that their antitumor effector function is 
augmented, a strategy for future immunotherapy 
would involve 1) in vitro confirmation of their an- 
titumor effector function by use of fresh autologous 
and allogeneic tumor cell targets and 2) in vivo ex- 
periments in tumor-bearing animals. These preclin- 
ical studies are necessary to confirm the therapeutic 
potential of TILs and to determine the minimal ef- 
fective numbers of TILs needed for therapy. In ex- 
perimental models, the adoptive transfer of antitu- 
mor-reactive T-lymphocytes has been shown to 
cause the regression of established tumors.**°*" Not 
only specifically tumor-reactive cytolytic T-lym- 
phocytes, but also broadly reactive cytolytic T-lym- 
phocyte populations and clones, have been effective 
in eradicating tumor cells in mice.*”” In addition, 
adoptive chemoimmunotherapy with broadly tu- 
mor-reactive cytolytic T-lymphocytes activated in 
recombinant IL2 was successful in treatment of in- 
vasive and metastatic nonimmunogenic murine 
cancer.”*** 


In humans, cytotoxic peripheral blood T-lym- 
phocytes activated in vitro with autologous tumor 
cells, allogeneic lymphocytes, T cell mitogens, or 
IL2 have been employed as antitumor agents in a 
handful of clinical trials.?°° The infusion of a high 
number of autologous activated lymphocyte popu- 
lations proved to be feasible, but the results of these 
trials were only mildly encouraging. Recently, TILs 
from seven patients with metastatic adenocarci- 


noma of the lung were cultured in IL2 and adminis- 
tered to these patients.” Five of seven patients 
showed a reduction in the size of their tumors.”’ 


The nature of the tumor-reactive effectors in the 
human TIL populations expanded in IL2 is not cer- 
tain and needs to be determined. These appear to be 
primarily T cells (Table 5), which are broadly reac- 
tive in that they kill all tumor cell targets. There are 
indications that some human tumors may yield 
TILs that are specific for autologous tumors.° 
Whether such autologous tumor-specific TILs can 
be generated from all human tumors is uncertain at 
present. However, in adoptive immunotherapy, 
both specifically and broadly tumor-reactive effec- 
tor cells could be useful, as long as normal tissue 
cells are spared. 


Primary squamous cell carcinomas of the head 
and neck frequently contain massive infiltrates of 
mononuclear cells.”"*° As we have shown here and 
elsewhere,” it is feasible to obtain these TILs at the 
time of surgery and to expand them in recombinant 
IL2 without a loss of effector function. It still re- 
mains to be seen whether TILs from squamous cell 
carcinoma of the head and neck show antitumor ef- 
fects against fresh autologous tumor targets. These 
studies are in progress in our laboratory and should 
lead to future innovative strategies in the treatment 
of squamous cell carcinoma of the head and neck in 
humans. 
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A 10-yg/mL solution of lipopolysaccharide derived from Klebsiella pneumoniae was inoculated into the middle ears of guinea pigs. 
The animals were killed painlessly on the first, third, or seventh day after inoculation, and the mucosal samples from the bony portion of 
the eustachian tube were examined for ciliary activity and epithelial morphology. On the first and third days, when middle ear effusions 
were present, deterioration of ciliary activity and morphologic changes in the mucociliary system were observed. On the seventh day, 
when middle ear effusions were absent, the ciliary activity had recovered to normal. Our data show that endotoxin extracted from K pneu- 
moniae can produce otitis media with effusion and that dysfunction of cilia caused by endotoxin is a factor responsible for the manifestation 


of otitis media. 


KEY WORDS — bacterial endotoxin, ciliary activity, eustachian tube. 


INTRODUCTION 


Otitis media with effusion (OME), one of the 
most prevalent diseases of childhood, is character- 
ized by an accumulation of fluid in the tympanic 
cavity, which can be accompanied by a conductive 
hearing loss severe enough to interfere with social 
development and educational progress. It is well 
known that the function of the eustachian tube has 
an important role in the manifestation and chro- 
nicity of OME. In an attempt to clarify the patho- 
genesis of OME, several investigators have at- 
tempted to create the condition in laboratory ani- 
mals. Two specific experimental procedures that 
can produce OME are tubal obstruction and direct 
inoculation of infectious pathogens.'~* Under these 
conditions, different aspects have been well studied 
by a variety of techniques, eg, immunologic, bio- 
logic, or morphologic. However, a physiologic ap- 
proach focused on the ciliary activity of the eusta- 
chian tube has scarcely been introduced into this 
line of study. 


In the present study, we have created an experi- 
mental OME in laboratory animals by direct inocu- 
lation of bacterial elements and tried to elucidate 
the functional disorder of the eustachian tube under 
such conditions. 


MATERIALS AND METHODS 


Thirty guinea pigs, free of middle ear disease as 
demonstrated by otoscopic examination, were used. 


Under nembutal anesthesia, a 10-~g/mL solution of 
lipopolysaccharide (LPS) derived from Klebsiella 
pneumoniae (Sigma Chemical Co, St Louis) was 
inoculated into the right ear of each animal by 
transmeatal injection until the solution overflowed 
the tympanic membrane. Using the same proce- 
dure, sterile physiologic saline solution was inocu- 
lated into the left ear of each animal to serve as a 
control. The animals were divided into three 
groups, each group containing ten animals. The 
three groups of animals were killed painlessly on the 
first, third, or seventh day after inoculation. Mu- 
cosal samples from the bony portion of the eusta- 
chian tube were obtained from each animal as soon 
as possible after killing. The samples obtained from 
five animals of each group were used for examina- 
tion of ciliary activity (beats/min), and those from 
the remainder were used for electron microscopic 
examinations. 


The ciliary activity in the most active cells of each 
sample was examined in a physiologic saline solu- 
tion at an ambient temperature of 30°C, using the 
direct and quantitative photoelectric method of 
Ohashi and Nakai.” Samples for electron micro- 
scopic examinations were immersed immediately in 
2.5% cold glutaraldehyde in 0.1 M phosphate buf- 
fered solution and fixed for 2 hours. They were 
transferred to buffer solution for washing and 
postosmicated by 2% osmium tetroxide in the same 
buffer. After dehydration in ethanol, some of them 
were critical point dried, coated with gold, and 
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thea observed under an S-405 scanning electron 
microscope. The remainder were embedded in 
epoxy resin after dehydration. Ultrathin sections 
were made with an ultratome and examined under 
an 1-300 transmission electron microscope. 


RESULTS 


Erst Day. Massive serous effusions were found to 
fill completely the tympanic cavity of each right 
(LPS-inoculated) ear on the first day after inocula- 
tiom. On the other hand, no fluid was observed in 
the eft (saline-inoculated) ear of each animal. The 
ciliary activities (mean+standard deviation [SD]) 
in tne right eustachian tubes were 406+ 65 beats/ 
min, and those of the left were 784 + 44 beats/min. 
Statistical analysis showed that the ciliary activity 
in the LPS-inoculated tube was lower than that in 
the control one (p<.01). 
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Fi- _. Eustachian tube on first day after LPS in- 
oc lation. A) Scanning electron micrograph show- 
ing much cell debris (arrowheads) on surface of 
cilary carpet (original x1,500). B) Transmission 
elton micrograph showing much cell debris (ar- 
rows inside tubal lumen and epithelial degenera- 
tioe including vacuolation and nuclear pyknosis 
(aserisk) (original x2,000). C) Transmission elec- 
trea nicrograph showing sporadic cytoplasmic pro- 
tuberances (asterisk), compound cilia (arrowheads), 
an« marked vacuolation of ciliated cells (original 


x7 00). 


Eletron microscopy showed no pathologic find- 
ings ia the saline-inoculated tubes. Numerous path- 
ologic findings were observed in the LPS-inoculated 
tubes :ncluding much cell debris inside the tubal 
lumer, vacuolation of ciliated cells, cytoplasmic 
protu 3erances of epithelial cells, nuclear pyknosis, 
infiltration of inflammatory cells, and formation of 
compeund cilia (Fig 1). 


Thed Day. In animals killed on the third day 
after LPS inoculation, no fluid was found in the 
contre! ears, and moderate effusions were seen in 
the indeulated ears; however, the volumes of these 
effusiers were smaller than those observed on the 
first cay after inoculation. The ciliary activities of 
the certrol tubes were 791446 beats/min, and 
those of the LPS-inoculated tubes were 611+62 
beats/min. Statistical analysis demonstrated that 
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the ciliary activity in the right tube was lower than 
that in the left one (p< .01), but that the ciliary ac- 
tivity of the right tube on the third day was more 
active than that of the right tube on the first day 
(p< .01). 


Electron microscopy showed no morphologic ab- 
normalities in the eustachian tube of the control 
(left) ear. On the other hand, some pathologic find- 
ings were observed by electron microscopy in the 
tube of the LPS-inoculated ear, including invasion 
of inflammatory cells (mainly polymorphonuclear 
neutrophil leukocytes [PMNs]) to the epithelium or 
subepithelial layer, sporadic mucus deposits around 
the tips of cilia, nuclear pyknosis, and sporadic ap- 
pearance of compound cilia (Fig 2). 


Seventh Day. On the seventh day, fluid was 
sparse in either the control ears or the LPS-inocu- 
lated ears. The ciliary activity of the control tubes 
was 781 +52 beats/min, and that of the LPS-inocu- 





Fig 2. Eustachian tube on third day after LPS 
inoculation. A) Scanning electron micrograph 
showing mucus deposits (arrows) around cilia, 
sporadic cell debris (asterisk), and sporadic 
falloff of epithelial cells (arrowheads) (original 
x3,000). B) Transmission electron micrograph 
showing sporadic nuclear pyknosis (asterisk) and 
invasion of numerous polymorphonuclear neu- 
trophil leukocytes (PMNs) to epithelial layer and 
subepithelial layer (original x1,500). C) Trans- 
mission electron micrograph showing sporadic 
appearance of compound cilia of adhesive type 
(asterisk) (original x30,000). 
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lated tubes was 763+58 beats/min. No significant 
difference was recognized between the ciliary activ- 
ity of the saline-inoculated site and that of the LPS- 
inoculated site; however, the ciliary activity in the 
LPS-inoculated site was statistically stronger on the 
seventh day than on the third day (p< .01). No re- 
markable pathologic signs were observed by elec- 
tron microscopy in either the right or left tube (Fig 
3). 


DISCUSSION 


From a clinical viewpoint, it seems probable that 
OME is the result of multiple conditions. It once 
was considered to be a noninfectious disease caused 
by tubal obstruction or allergy. However, recent 
clinical and laboratory studies have supported the 
notion that bacterial involvement is one of the ma- 
jor factors responsible for its origin and develop- 
ment.*? Since Bernstein et al'® demonstrated by us- 
ing the limulus amebocyte lysate (LAL) assay that 
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Fig 3. Eustachian tube on seventh day after LPS inoculation. A) Scannenz electron micrograph showing almost normal 
surface configuration of eustachian tube mucosa (original x2,500). B Transmission electron micrograph showing no 
pathologic findings (original x700). 


some middle ear effusions (MEEs) contained en- 
dotexin, considerable new clinical evidence has 
been mounting that endotoxin may be responsible 
for this condition.''? In addition, recent experi- 
mental studies have supported the idea strongly. 
DeMaria et al'* have observed clear, amber-colored 
MEEHs in chinchillas after injection of killed Hem- 
ophilus influenzae organisms or endotoxin purified 
from these bacteria into the tubotympanum. Nono- 
mura et al’? also have observed massive MEEs in 
guinea pigs inoculated with a 10-yg/mL solution of 
LPS extracted from H influenzae type b organisms. 
They have mentioned that direct inoculation of en- 
dotexin or LPS is a successful means for creating 
OME in laboratory models. 


In the present study, we have tried to create ex- 
perimental OME by direct inoculation of 10 pg/mL 
of LPS extracted from K pneumoniae. As a result, 
we found MEEs on the first and third days after in- 
oculation. We conclude that endotoxin from not 
only H influenzae but also other kinds of bacteria 
can play an active role in the clinical development 


of OME. 


DeMaria et al and Nonomura et al’? have sug- 
gested on the basis of their morphologic observa- 
tions that the major pathologic factors in their 
models are the transudation and dysfunction of the 
mucociliary system. However, dysfunction of the 
mucociliary system under these conditions re- 
mained to be proven directly. Our previous studies 
using a photoelectric method documented the activ- 
ity of the tubotympanic mucociliary system directly 
and quantitatively to provide a new dimension for 
research into the defense system of the tubotympan- 


um.'* * Using the same technique, we studied the 
direct effects of a variety of pathologic factors on 
the cilizry activity in the tubotympanum. These in- 
cludec infectious pathogens,'?'® x-ray irradia- 
tion,'~ ** and environmental pollutants.?'?? These 
studie established that the ciliary activity in the tu- 
botyrmpanum easily can be affected by pathologic 
factor. In addition, our recent study has confirmed 
that EDD ng/mL or more of LPS derived from K 
pneu oniae can cause deterioration of ciliary activ- 
ity in -Fe in vitro tubotympanic mucosa.”3 


In the present study, we examined the mucocili- 
ary sy tem of the eustachian tube in our models on 
the basis of functional as well as morphologic 
aspects. On the first as well as the third day after in- 
oculat en, when MEEs were positive, the ciliary ac- 
tivity of the eustachian tube of the LPS-inoculated 
site was deteriorated compared with that of the 
contrc site. Morphologic changes in the mucocili- 
ary system observed by electron microscopy argued 
in favcr of such a diminished ciliary activity. On the 
other acnd, we found no effusion in the tympanic 
cavity on the seventh day after inoculation, on 
which the ciliary activity in the eustachian tube of 
the LB-inoculated site had recovered to the normal 
level. Taese data show that ciliary activity in the 
eustac aian tube can prevent accumulation of sur- 
plus flad in the tympanic cavity. 


In sammary, our present investigation shows that 
endotcx:n extracted from not only H influenzae but 
also other kinds of bacteria may be involved in the 
clinica development of OME, and that the dys- 
functicn of cilia by endotoxin is a factor responsible 
for the manifestation of this condition. On the basis 
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of our previous investigations and the present re- 
port, it is also worthy of mention that the mucocili- 
ary system is indeed an important defense system, 


that its failure can cause an accumulation of effu- 
sion in the ear, and that clinical benefit may be 
brought about by its improvement. 
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PNEUMOCYSTIS CARINII IN THE TEMPORAL BONE AS A 
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=xtrapulmonary infection with Pneumocystis carinii is rare and is usually associated with severe systemic illness. We report, in two 
patients, the histologic, ultrastructural, and monoclonal cell surface antibody identification of P carinii in otic polyps. Both patients had 
serum antibody to haman immunodeficiency virus. These P carinii infections in the temporal bone are unusual in their location and in the 
apparent absence of associated pulmonary infection. This otologic presentatior was the primary manifestation of the acquired im- 


munedeficiency syndrome. 


XEY WORDS — acquired immunodeficiency syndrome, Pneumocystis cartrii, temporal bone. 


INTRODUCTION 


Paeumocystis carinii pneumonia and other op- 
portunistic infections are prevalent in patients with 
the acquired immunodeficiency syndrome (AIDS).' 
Infection with P carinii rarely presents outside the 
lung, and it is usually associated with pulmonary 
invclvement and extensive systemic debilitation.? 
We report two cases of P carinii infection limited to 
aural polyps. Both patients had serum antibody to 
human immunodeficiency virus (HIV). 


CASE STUDIES 


Petient 1. As-we have previously reported,’ a 
36-y2ar-old Hispanic man presented with the com- 
plaiat of decreased hearing in the left ear for 1 year 
and bilateral mild otalgia with intermittent left tin- 
nitus for 1 month. He denied otorrhea, vertigo, or 
fluctuating hearing. During early childhood he was 
treated with bilateral myringotomy and ventilating 
tubes for recurrent otitis media. 


Until 7 years prior to this presentation, the pa- 
tient had used intravenous drugs with shared 
needles. He denied subsequent drug abuse, intimate 
contact with prostitutes or homosexuals, weight 
loss, pyrexia, night sweats, or dypsnea or other pul- 
monary symptoms. The patient was married, was 
the “ather of children 5 and 3 years of age, and 
worked as a roofer. 


The right tympanic membrane was opaque and 
thickened with decreased motility on pneumotosco- 
py. The left tympanic membrane, with minimal 
tympanosclerosis, was partially occluded by a 3 x 


5-mm red-brown aural polyp based at the junction 
of the-superior external auditory canal and anterior 
attic (pars flaccida). No purulence, exudate, or ker- 
atin (cholesteatoma) were visible. Motility of the 
left tymapanic membrane was reduced. Palpation 
revealed nontender mobile discrete lymph nodes 
measuring 1 cm in diameter in the upper left jugu- 
lar, bilateral submental, and left axillary and in- 
guinal regions. 


An audiogram demonstrated hearing within nor- 
mal limits in the right ear. In the left ear, there was 
a mild mixed (conductive and sensorineural) hear- 
ing loss in the low frequencies (Fig 1A). At the 
higher frequencies the hearing loss was profound. 


The WBC count was 7,200 cells/mm?, with 34% 
neutrophils, 45% lymphocytes, 7% monocytes, and 
13% essinophils. A temporal bone computed tomo- 
graphie scan showed bilateral mastoid sclerosis and 
a polypoid lesion in the left external auditory canal, 
with ncrmal aeration in the middle ear (Fig 1B). 
Cholesteatoma, bone destruction, and opacification 
were mot observed. The chest radiograph demon- 
strated an equivocal linear density in the right 
lower lung field, but no infiltrates or effusions were 
identified. A gallium scan of the chest did not dem- 
onstrate areas of increased activity. The ratio of 
helper to suppressor T cells was 0.31, with the lower 
limit of normal being 1.00. Results of serum testing 
for antibody to HIV by enzyme-linked immunosor- 
bent assay (ELISA) and by Western blot, the latter 
performed twice, were positive. An HIV nucleic 
acid probe demonstrated the immunodeficiency 
virus within the patient’s lymphocytes. 
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Fig 1. (Patient 1) A) Pretreatment audiogr 


be seen in left external auditory canal. C) Light microscopic examination shows typical perivascular appearance of Pneumocystis ca- 
rinii (H & E, original x400). D) Pneumocystis carinii cysts (Grocott silver stain, H & E background; original x1,000). Squamous 
epithelium is seen at right. E) Electron micrograph shows two trophozoites with characteristic curvilinear material adjacent 


(uranyl-lead citrate stain, original x28,500). 


Light microscope examination of a biopsy speci- 
men of the aural polyp revealed characteristic 
foamy-granular exudate of P carinii, with no in- 
flammatory response (Fig 1C). This prompted per- 
formance of the Grocott stain for P carinii (Fig 1D) 
despite the unusual location. 


The Grocott stain for P carinii demonstrated uni- 
formly stained, uniformly sized positive cyst forms 4 
um in diameter. Cup- or sickle-shaped forms, as 
well as minute dense areas in the walls of the cysts, 
were demonstrated. No budding was seen. The pa- 
tient was placed on a 1-week course of oral trimeth- 
oprim 160 mg and sulfamethoxazole 800 mg two 
times a day, without effect. 


All stains for other organisms, including acid- 
fast, fungal, and bacterial stains, were negative. Ul- 
trastructural study of the second biopsy specimen 
revealed all forms of P carinii, including small and 
large trophozoites as well as cyst forms (Fig 1E). 
Numerous “empty” trophozoite forms were also 
present. After the second biopsy the patient was 
started on a 2-week course of oral trimethoprim 160 


mg and sulfamethoxazole 800 mg four times a day, 
with resolution of the aural polyp. 


The patient was seen at l-year follow-up. He had 
no evidence of recurrent otologic disease, but re- 
fused a follow-up audiogram. 


Patient 2. A 39-year-old black man presented 
with a 3-week history of otorrhea and decreased 
hearing in the right ear. The patient had a mild 
associated otalgia, but denied tinnitus, vertigo, or 
history of previous otologic disease; he admitted to 
intravenous drug abuse. 


The patient had last used intravenous heroin 1 
day prior to admission and frequently shared 
needles. Two years prior to admission the patient 
had been treated for pulmonary tuberculosis with 
apparently poor medication compliance. One year 
prior to admission, a right axillary lymph node bi- 
opsy had demonstrated Mycobacterium tuberculo- 
sis, and therapy was resumed. At the time of presen- 
tation the patient was under treatment with oral 
isoniazid 300 mg daily and oral rifampin 600 mg 
daily. 
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Fig 2. (Patient 2) A) Pretreatment audiogram. B) Post-treatment audiogram. C) Indirect immunofluorescence shows Pneumocystis 
carinii cross reaction with monoclonal antibody M5E12 (original x1,000). 


On examination the patient was afebrile. He had 
recent needle marks and extensive scarring on his 
arms. The right external auditory canal was com- 
pletely obstructed by a posterosuperiorly based, 
smooth, reddish brown aural polyp. Behind the pol- 
yp there was a small amount of purulent debris that 
was easily suctioned. The tympanic membrane was 
intact, but the obstructive lesion impaired pneumo- 
toseopy. There was moderate tonsillar enlarge- 
ment, and diffuse adenopathy was present in the 
cervical, axillary, and inguinal regions that were 
palpated. 


An audiogram demonstrated a mild mixed (con- 
ductive and sensorineural) hearing loss in the low 
frequencies in the right ear. There was a moderate 
mixed loss at the higher frequencies. Hearing was 
within normal limits in the left ear (Fig 2A). 


The WBC count was 2,900 cells/mm?, with 37% 
neutrophils, 48% lymphocytes, 10% monocytes, 
3% eosinophils, and 2% basophils. 


A temporal bone CT scan showed normal aera- 
tion of the middle ear and mastoid. There was mini- 
mal interstitial infiltrate on chest radiography. This 
finding was unchanged from 3 months prior to pre- 
sentation, and a gallium scan was without focal 
pulmonary uptake. The ratio of helper to suppres- 
sor T cells was 0.39. The results of serum testing for 
antibody to HIV by ELISA and by Western blot 
were positive. Results of an HIV nucleic acid probe 
of the patient’s lymphocytes were positive. 


The patient was treated with a 10-day course of 
trimethoprim 160 mg and sulfamethoxazole 800 mg 
four times a day. Three months after this medical 
therapy the aural polyp had completely resolved. A 
follow-up audiogram showed hearing to be within 
normal limits (Fig 2B). 


Material obtained from the ear of patient 2 was 
homogenized in phosphate-buffered saline (PBS) by 
use of a hand-held tissue homogenizer. Immuno- 


fluorescence assay was performed as described by 
Giglieti et al* with monoclonal antibodies prepared 
from ascites fluid. The two antibodies used were 
M5E1£, which reacts with P carinii from humans, 
rats, errets, and rabbits, and M5B12 (negative con- 
trol), which is specific for P carinii obtained from 
rats. 5eth antibodies were diluted 1:100 in PBS con- 
taining 0.05% Tween 20 (Sigma, St Louis). Pneu- 
mocys&s carinii isolated from the lung of an AIDS 
patient was employed as a positive control. 


Preparation of the tissue was modified by an ad- 
ditional incubation at 37°C for 30 to 60 minutes 
with CNase (10 ng/mL), RNase (100 ng/mL), and 
0.2% ceoxycholate (all from Sigma). 


Cyst c structures with the typical morphology of 
P carwéi were easily identified by indirect immuno- 
fluorescent staining by use of monoclonal antibody 
M5E12 (Fig 2C) as in the positive control. The 
monocional antibody M5B12 (specific for murine P 
carina, showed no reaction with the ear specimen, 
and organisms were not demonstrated in the control 
humam lung P carinii. 


DISCUSSION 


The droof that the organism identified in the otic 
polyps s P carinii is its typical appearance with the 
hema cxylin and eosin and Grocott silver stain for P 
carin, as well as its characteristic ultrastructural 
appearance. Immunofluorescent testing with an an- 
ti-P cerinii antibody (M5E12) was positive in 
samp: taken from patient 2. The lack of cellular 
inflammatory response is also typical of P carinii in- 
fection? 


Patent 1 was a reformed drug addict whose last 
use of intravenous drugs was 7 years before presen- 
tation, .e, was on the eve of the AIDS epidemic. Pa- 
tient 2 had continued to abuse intravenous drugs 
with shared needles up to the time of his presenta- 
tion. Beth patients were HIV antibody-positive and 
had opportunistic infections confirmed by histolog- 
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ic procedures and, in patient 2, by immune histo- 
logic procedures. 


These cases fulfill the recent Centers for Disease 
Control (CDC) surveillance definition of AIDS.’ 
Both patients had severe depression of the T cell 
helper-suppressor ratio. These patients differed 
from other patients with AIDS in the unusual loca- 
tion of their opportunistic infections. As far as can 
be determined, this was the only site of P carinii in- 
fection. A pulmonary focus cannot be conclusively 
eliminated, but all tests for lung involvement short 
of biopsy, including gallium scan, were performed, 
and none revealed evidence of P carinii. 


Patient 1 was clinically well, was working full 
time, had only minor adenopathy, and had no other 
symptoms of AIDS.‘ Patient 2 was under treatment 
for tuberculosis at the time of his presentation. Pul- 
monary tuberculosis is frequently encountered with 
the HIV infection, but alone does not meet the 
CDC criteria for AIDS.’ Extrapulmonary tubercu- 
losis with the HIV infection, however, would meet 
the CDC criteria for AIDS. 


Extrapulmonary manifestation of P carinii is rare.’ 
Pneumocystis carinii has been identified in immuno- 
suppressed patients in lymph nodes, spleen, periph- 
eral blood, myocardium, stomach, small intestine, 
bone marrow, adrenal gland, thyroid gland, and 
retina.® "° These reports, except for the cited case of 
retinal infection, occurred prior to the AIDS epi- 
demic. All of these patients had P carinii present in 
the lung. To date, there are no reports of P carinii in- 
fection in the absence of pulmonary disease, except 
for our prior report of patient 1.° While the two 
cases presented here lack clinical evidence for pul- 
monary involvement, it is possible that there is sub- 
clinical disease present that could be identified with 
more invasive diagnostic procedures, ie, biopsy. 


These P carinii infections of the temporal bone 
are distinctively unusual in their location and the 


apparent absence of associated pulmonary involve- 
ment. The absence of concomitant manifestations 
of otologic disease might suggest to the clinician 
that these otic polyps are atypical. 


Reports of extrapulmonary infections with P 
carinii suggest hematogenous spread from a pri- 
mary pulmonary site, which may be latent in this 
case. Airborne transmission of the aerosolized or- 
ganism onto the external auditory canal may be an 
alternative infective route. This is suggested by an- 
other recent report of involvement of the skin of the 
ear by P carinii.’ | 


There are analogous aspects in the development 
of the auditory and respiratory systems from the 
embryonic foregut. The lower respiratory system is 
an outgrowth of the caudal end of the ventral wall 
of the primitive pharynx. The external acoustic 
meatus is derived from the ectodermal first branchi- 
al groove. The tympanic membrane is a trilaminar 
structure of triple germ layer derivation. The endo- 
derm of the primitive pharynx forms the mucosal 
lining of the middle ear.'* Histologic section of early 
pneumocystic pneumonia specimens shows isolated 
cystic forms along the alveolar septal wall.** We can 
speculate that the tympanic membrane and the pul- 
monary alveolus may offer similar environments 
that foster P carinii invasion in the immune sup- 
pressed patient. 


In the initial 9 months of 1987, over 50 cases of 
AIDS per day were reported to the CDC."° In addi- 
tion, the infective pool of P carinii is widespread, 
with common animals such as dogs and cats being 
carriers.'® Further cases of aural P carinii infection 
may not be identified unless there is an active search 
for the organism. Identification of this organism may 
lead to an early diagnosis of treatable infection such 
as in this primary manifestation of the AIDS con- 
stellation. The incidence of P carinii in the temporal 
bone awaits further searching. It is anticipated that 
Pneumocystis will be found more frequently in the 
temporal bone of patients with AIDS. 
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COCHLEAR MECHANICS AND OTOACĐUSTIC EMISSIONS 


The Second International Symposium on Cochlear Mechanics and Otoaccustic Emissions will be held March 9-11, 1989, in Rome. 
For further information, contact Centro Ricerche e Studi (CRS) Amplifon, Vis Ripamonti 129, I-20141 Milano, Italy. 
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AMERICAN AUDITORY S@CIETY 


The 15th annual meeting of the American Auditory Society will be held in Boston on Thursday, November 17, 1988. The meeting is 
scheduled in conjunction with the annual meeting of the American Speech-Lameuage-Hearing Association. For further information, con- 
tact Frank E. Musiek, PhD, Program Chairman, Dartmouth-Hitchcock Medical Center, 2 Maynard Street, Hanover, NH 03756. 
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IMAGING CASE STUDY OF THE MONTH 
SAGITTAL PALATE FRACTURE 


ROBERT THOMPSON, MD 


CHARLES M. MYER III, MD 


CINCINNATI, OHIO 


CASE REPORT 


A 12-year-old girl was admitted to Children’s 
Hospital Medical Center, Cincinnati, after a motor 
vehicle accident in which her face hit the dash- 
board. Upon arrival, the patient was in no respira- 
tory distress, but complained of midfacial and 
lower jaw pain. She denied diplopia or other visual 
changes. No history of malocclusion was obtained. 
A neurosurgical evaluation was negative, and the 
head and neck examination revealed blood in both 
nares, with septal deviation to the right. The nose 
was tender, but no bony displacement was noted. 
There was minimal facial swelling, with left perior- 
bital ecchymosis. A midline longitudinal split in the 
palate extended from the incisors to the soft palate, 
communicating with the nose. No mobility of the 
maxilla was elicited. The lower incisors were loose, 
and there was an anterior open-bite deformity. 
Other significant physical findings included a frac- 
ture of the radius and multiple extremity contu- 
sions. 


Plain films of the face and skull demonstrated an 
area of increased density (consistent with soft tissue 
swelling) in the midface and in the hypopharynx, 
with partial occlusion of the nasal airway. Frac- 
tures of the nasal bones and the spinous process of 
the maxilla were noted. There was opacification of 
both maxillary sinuses. Mandibular films showed 
normal findings. By computed tomography, contig- 
uous 5-mm sections were studied in axial projec- 
tions through the maxilla, and direct coronal im- 
ages were obtained from the nose to the sella tur- 
cica. A diastatic fracture was seen to extend through 
the midline palatine suture (see Figure). The dia- 
stasis was more pronounced posteriorly, and the 
fracture extended into the incisive foramen anteri- 
orly. It did not extend through the anterior maxil- 
lary crest. The pterygoid plates were fractured at 
their base bilaterally without rotation or displace- 
ment. 


The patient was taken to the operating room for 
closed reduction and fixation of the Le Fort I frac- 
ture and sagittal palatal fracture. Intraoperative 
manual reduction of the midline palate fracture 
was attempted unsuccessfully. A palatal splint, 


which was fabricated preoperatively, was wired to 
the upper dentition, and arch bars were fixed to the 
lower alveolar ridge. Reduction of the fractures was 
obtained with the use of intermaxillary fixation and 
interdental fixation of the lower incisors. 


DISCUSSION 


Sagittal fractures of the palate are an unusual 
component of maxillary trauma, as most maxillary 
or Le Fort’s fractures occur in a horizontal plane. 
Posterior and inferior traction of the pterygoid 
muscles causes an anterior open-bite malocclusion. 
The three supporting pillars transected by the Le 
Fort’s fractures include the nasomaxillary buttress, 
the zygomatic buttress, and the pterygomaxillary 
buttress, as described by Manson et al.' In their 
series of 43 Le Fort’s fractures, 30% of the patients 
had Le Fort I fractures, 42% had Le Fort II frac- 
tures, and 28% had Le Fort III fractures. Another 
series of 205 facial fractures in children included 17 
(8.3%) midface fractures, of which eight were sag- 
ittal fractures of the palate.” These may occur as iso- 
lated fractures or in conjunction with horizontal 
fractures of the pterygoid plates (as in the case pre- 
sented) and may be associated with mandibular, 
nasal, or malar fractures. 


A sagittal palate fracture usually occurs in a para- 
median line, since the palatine suture has an inher- 
ent strength that often prevents a fracture along its 
course.’ The CT scan of the patient presented dem- 
onstrates a palatal split that appears to be in the line 
of the central suture, though it may in fact be adja- 
cent to it. Rotation of the palate can occur by two 
principal means, with either an anterior or pos- 
terior gap and subsequent narrowing at the other 
end of the palate. 


Because of the adherence of the palatal mucosa to 
the periosteum, these fractures usually are associ- 
ated with mucosal tears, thus making diagnosis 
easier. However, nondisplacement of a palatal frac- 
ture may result in an intact mucosa and a missed 
diagnosis. Subsequent inadequate reduction may 
result in a persistent postoperative malocclusion. 


Plain radiographs may be of some benefit in diag- 


From the Division of Pediatric Otolaryngology, Department of Otolaryngology and Maxillofacial Surgery, University of Cincinnati Medical Center. 
REPRINTS — Charles M. Myer III, MD, Dept of Otolaryngology and Maxillofacial Surgery, Children’s Hospital Medical Center, Elland and Bethesda 
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CTs through bone windows. A) 
Axial CT at hard palate level 
shows diastasis of disunited suture 
with 3-mm displacement posteri- 
orly and minimal displacement 
anteriorly. Air in soft tissue lateral 
to left alveolus suggests maxillary 
sinus fracture. Asymmetry of in- 
tercondylar portions of mandible 
suggests injury or axial rotation of 
patient’s head. B) Coronal CT at 
bicuspid level shows palatal dia- 
stasis. Vomer and perpendicular 
ethmoidal plate are fractured in 
zigzag direction, suggesting up- 
ward force vector. Bilateral trans- 
maxillary fractures are present 
with separation along nasal floors. 


nosis. Separation of the upper central incisors with 
or without an obvious fracture line may be noted on 
Waters’ or Townes’ view. Computed tomographic 
scanning in an axial plane with narrow contiguous 
sections may demonstrate readily a central palatal 
fracture. Coronal views also demonstrate the frac- 
ture line as the views proceed from anterior to 
posterior. While high resolution CT scanning has 
made these fractures, as well as Le Fort’s fractures, 
more recognizable radiographically, open explora- 
tion may be needed to identify comminuted frac- 
tures. 


Reduction of a sagittal palate fracture is based 
on stabilization of the bony fragments in three 
“planes”: rotational, horizontal, and vertical. The 
central split allows rotation of the alveolar ridges 
along the split. Consequently, treatment with inter- 
maxillary fixation alone would cause inferior-me- 
dial rotation of the alveolar ridges; ie, normo- 
occlusion of the buccal aspect of the molars would 
occur with gaping of the lingual cusps. An acrylic 
palatal splint can be used to stabilize the palate 
against such rotational forces.* The splint is secured 
by fixation to the maxillary teeth or, if the patient is 
edentulous, by circumpalatal wires passed around 
the floor of the nose-bilaterally through a gingivo- 
buccal incision anteriorly and a puncture of the soft 
palate posteriorly. If the anterior teeth are missing 
or require extraction, a cross-palatal connecting bar 
may be used to add stability to the splint. 


Horizontal displacement of the fracture’s seg- 
ments may necessitate interosseous fixation of the 
fracture. Palatal splinting alone may be inadequate 
if the fracture is not stabilized in a lateral direction 





at the pyriform aperture.* Transverse palatal wires 
are offered as an alternative to splints and in- 
terozseous wiring. Two holes are drilled through 
eack buccal side of the upper alveolus. One wire is 
threaded across the palate and back again through 
the adjacent hole to form a loop. Whether rota- 
tional stability is maintained by this approach is 
unclzar. 


Fally, fixation of the fracture segments in a ver- 
tical direction is necessary. The fragments are 
redwed by intermaxillary fixation to the mandible 
below and by suspension wires to the most stable 
comsonent above. In addition to vertical stability, 
intemmaxillary fixation used with palatal splints af- 
ford: added rotational stability. Cireumzygomatic 
wire= are advocated to stabilize Le Fort I and II 
maxdlary fractures.° Suspension from the frontal 
bone may be necessary in a Le Fort III fracture. 


Fdlowing reduction of the fractures, closure of 
the raucosal laceration is advocated. Because of the 
exceLent vascular supply to the maxilla, healing is 
rapic and infection is uncommon. Fixation wires 
and splints are left in place for 6 weeks in adults and 
3 to E weeks in children. 


Naaunion of a sagittal palate fracture is uncom- 
mon However, malunion may result in an anterior 
open. dite deformity. Every attempt should be made 
to achieve the best possible reduction intraopera- 
tively. The method of reduction must be tailored to 
the incividual fracture and the degree of instability 
it presents. Central palatal fractures, though un- 
common, present a difficult challenge to achieving 
a gocd functional result. 
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PATHOLOGY CONSULTATION 
ACCESSORY PAROTID GLAND 


JOHN G. BATSAKIS, MD 
HOUSTON, TEXAS 


Accessory parotid glands may be found in approximately 20% of patients and are heir to all diseases affecting the parotid gland prop- 
er. Between 1% and 7% of all parotid neoplasms arise from the accessory glands, and 50% of these are histologically malignant. 


Salivary tissue in the head and neck is distributed 
as outlined in the Table. The preponderance of tu- 
mors arise from normally sited tissues, ie, major and 
minor salivary glands, while heterotopic salivary 
tissue, with the exception of that enclaved in 
periparotid lymph nodes, is rarely the generative 
tissue. 


Accessory parotid gland tissue is defined as sali- 
vary tissue adjacent to Stensen’s duct and separate 
from the main body of the parotid gland’ (see 
Figure). This serves to distinguish accessory parotid 
glands from an anterior facial process in which pa- 
rotid tissue extends anteriorly from the main gland, 
but remains in continuity with it.2* As judged by 
anatomic dissections, approximately 20% of human 
parotid glands manifest accessory tissue.’ 


The accessory parotid tissues are variable in size, 
position, and shape. They are, however, usually 
pea-to-kidney bean size and flat; the latter is be- 
cause of compression between the skin and the mas- 
seter muscle, to which the tissue is bound by an ex- 
tension of the masseteric fascia.” The tissue most of- 
ten lies on or above the parotid duct and between 
the buccal branch of the facial nerve and the duct.* 


DISTRIBUTION OF SALIVARY TISSUE 
IN HEAD AND NECK 





Normal Accessory Heterotopic 
Major salivary glands Along Stensen’s Hypophysis 
Parotid duct Ear 
Submandibular External canal 
Sublingual Middle ear 
Minor salivary glands Mastoid 
Sinonasal tract Thyroglossal duct 
Nasopharynx, Mandible and 
pharynx maxilla 
g me ceil ge of thyroid 
Larynx Capsule of parathy- 
Trachea roid gland 
Lymph nodes 
Neck 
Sternoclavicular 
joint 


Accessory parotid gland 





Typical position of accessory parotid gland along course of 
Stensen’s duct. Note accessory gland’s complete separation 
from parotid gland. 


One or several tributaries empty from the accessory 
tissue into the duct. While accessory parotid tissue 
may be found in communication with the oral sub- 
mucosal part of Stensen’s duct, the farthest removed 
accessory gland from the parotid gland proper is 
usually on the buccal fat pad at the anterior border 
of the masseter muscle. An average distance from 
the anterior edge of the main parotid gland is 6 
mm.? There is no histologic difference between the 
accessory tissue and the parotid gland proper. 


Accessory parotid tissue is heir to all diseases af- 
flicting the parotid gland. The spectrum of neo- 
plasms is also similar, in that pleomorphic adenoma 
is the most common benign tumor, and mucoepi- 
dermoid carcinoma the most often encountered car- 
cinoma. Approximately 50% of accessory parotid 
tumors are histologically malignant.’ Perzik and 
White’ have indicated that 7.7% of all parotid neo- 
plasms take origin in accessory parotid tissues. 


From the University of Texas M. D. Anderson Hospital and Tumor Institute at Houston. 
REPRINTS — John G. Batsakis, MD, Division of Pathology, M. D. Anderson Hospital, Texas Medical Center, Houston, TX 77030. 
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Johnson and Spiro,’ who strictly defined accessory 
parotid tissue, place the frequency at the more ac- 
ceptable level of 1% of parotid neoplasms. 


Clinical presentation is usually an asymptomatic 
swelling of less than 3 cm in the cheek along the 
central third of a line from the middle of the tragus 
to a point midway between the ala of the nose and 
the vermilion border of the upper lip. Stensen’s duct 
is usually not obstructed. 


Because of the therapeutic implications, it is im- 
partant to recognize accessory parotid tissue as the 
soarce of a salivary gland tumor. Sialography may 
not be helpful. Prevascular cervical lymph nodes, 


adnexal tumors of skin, and various lesions of sup- 
portrg tissues are in the differential diagnosis, but 
tumors arising in an anterior facial process or par- 
tially sequestered part of the parotid gland are the 
mos difficult to identify. 


Adequate surgery, such as that obtained by stan- 
darc parotidectomy incisions with anterior exten- 
sion superiorly exposes the lesion and allows the 
surg=en to decide whether wide local excision alone 
or ir conjunction with subtotal parotidectomy is re- 
quircd.* Such a surgical approach minimizes the 
moraadity of external salivary fistula or damage to 
the succal-zygomatic rami of the facial nerve. 
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XXI CONGRESS OF THE INTERNATIONAL ASSOCIATION OF LOGOPEDICS AND PHONIATRICS 


The XXI Congress of the International Association of Logopedics and Phcaatrics will be held Aug 6-10, 1989, in Prague. For further 
infermation, contact the Secretariat, XXI Congress of the International Associ_tzon of Logopedics and Phoniatrics, Czechoslovak Medical 
Soeiety J. E. Purkyne, 120 26 Prague 2, Vitezneho unora 31, Czechoslovakia telephone 29 41 41-4, telex 121 293. 


LETTER TO THE EDITOR 


To the Editor: 


Today the T-tube is a very important device for the treatment 
of chronic secretory otitis media; nevertheless, it has the potential 
to cause large perforations of the eardrum. 


I have noted that in the area of the eardrum where an intuba- 
tion has been performed, the membrane sometimes becomes 
translucent (monomembrane) a few months after the operation; 
and in some cases the tube is rejected, leaving a large perforation. 


I suggest that the arms of the T-tube cause atrophy of the fi- 
brous layer of the eardrum as a result of pressure necrosis. Some- 
times this process eventuates in rejection of the tube and perfora- 


tion. 


To prevent this complication I advise the following: 1) short- 
ening the arms of the T-tube by one third (if perforation does oc- 
cur it will be small and usually will close spontaneously); 2) 
monthly examination of the patient (if atrophy of the eardrum oc- 
curs the tube must be removed); 3) avoidance of the T-tube when 
there is initial atrophy of the eardrum (ie, atelectasis, adhesive 
otitis media, monomembrane). 


Nodar Bartal, MD 
Poriya Government Hospital 
Tiberias, 15208 Israel 
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./Cancer of the Larynx 


Alfio Ferlito, ed. Vols 1-3. Hard cover, illustrated, indexed, 
645 pages, 1985. CRC Press, Boca Raton, Fla, $250.50. 


This three-volume series deals only with malignant neoplasia of 
the larynx. No benign neoplasms or non-neoplastic disorders are 
discussed. The contributors include well-known laryngologists 
from North America and Europe. The volumes are edited admir- 
ably by Dr Ferlito, who contributed approximately half the writ- 
ten contents and is a world-renowned pathologist and clinician 
who devotes his efforts to the study of diseases of the larynx. 


Volume 1 contains interesting and informative chapters on the 
epidemiologic and immunologic aspects of cancer of the larynx. 
Over half the volume, by the editor, is composed of an up-to-date 
pathology discussion of malignant epithelial tumors of the larynx. 
The reference list is excellent. An additional two short chapters 
discuss experimental laryngeal carcinogenesis and the role of 
smear cytology in cancer of the larynx. 


Half of volume 2 is a presentation of the pathology of nonepi- 
thelial malignant neoplasms of the larynx by the editor, who also 
adds a chapter on the spread of laryngeal cancer. In addition, 
there are lengthy chapters on diagnosis. A brief chapter on the 
clinical manifestations of cancer of the larynx completes the vol- 
ume. 


Volume 3 contains essentially clinical presentations that pertain 
to classification, treatment modalities, complications, rehabilita- 
tion, and prognosis. The individual chapters, by various authori- 
ties, mainly express the opinions of the particular authors, rather 
than an overall view. 


The three-volume set is somewhat expensive for purchase by 
the individual otolaryngologist or general pathologist, and certain 
portions may not be of particular interest to one specialty or the 
other. It certainly should be made available for reference in every 
medical library, especially one that is used by otolaryngologists 
and general pathologists. 


VINCENT J. Hyams, MD 
Washington, DC 


Otitis Media and Child Development 


James F. Kavanagh. Hard cover, indexed, 232 pages, 1986. 
York Press, Parkton, Md, $27.50. 


This book is the result of an exchange of ideas regarding the 
relationship of a child’s hearing status to his or her receptive and 
expressive language development. This exchange took place at the 
National Institutes of Health in Bethesda, Maryland, in the fall of 
1985, and the participants were experts in the disciplines involved 
in the psychosocial and academic development of children. Their 
aim was threefold: 1) to promote more understanding of otitis 
media and the role it plays in central auditory processing distur- 
bances, 2) to plan research into this disease, and 3) to provide 
clinicians and parents with practical directions. 
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During the past 15 years, much evidence has been accumulated 
regarding the correlation between persistent otitis media and sub- 
sequent language and learning problems; however, there is still 
no suitable model available to study the consequences of this dis- 
ease. Furthermore, since there may be additional variables that 
cannot be controlled, its sequelae in speech and language develop- 
ment cannot be predicted. If, when, and how the hearing loss 
from otitis media will produce auditory processing deficits, lan- 
guage delay, educational problems, or delayed speech develop- 
ment still cannot be ascertained, although the contributors make 
a case for such a linkage. 


Clinically, when is it justified to intervene surgically with ven- 
tilation tubes? This is argued endlessly by clinicians. This book 
gives no fresh insights into this debate, but rather presents a 
review of the existing criteria that the clinician can use in making 
decisions. In so doing, it discusses the role of hearing in early 
childhood development, as well as the identification, diagnosis, 
and effects on early and late childhood development of the tem- 
porary hearing loss caused by otitis media. Preventive measures 
and treatments are also discussed. 


Although no new developments or progress are reported, the 
critical areas of the effects of otitis media on learning are covered 
well and in depth. All of the authors have provided rich bibliogra- 
phies. They bring their topic to life in a most readable book that 
should hold the interest of those involved in child health and 
development. 


DENNIS G. Pappas, MD 
L. CLARK SIMPSON, MD 
Birmingham, Alabama 


Handbook of Neurotological Diagnosis 


John W. House and Alec F. O’Connor, eds. Science and Prac- 
tice of Surgery. Vol 7. John F. Burke and Peter H. Morris, se- 
ries eds. Hard cover, illustrated, indexed, 417 pages, 1987. 
Marcel Dekker, Inc, New York, $79.95. 


This intradisciplinary text is designed to update the reader on 
recent developments in specific areas of neurotologic evaluation 
and diagnosis. Treatment is not emphasized, but is covered in 
some chapters. Authors include European and American neuro- 
tologists, neurologists, radiologists, audiologists, and physiolo- 
gists. The editors have attempted to combine state-of-the-art in- 
structional methods in such areas as audiology, radiology, 
vestibular and facial nerve function evaluation, and metabolic 
and immune disorder evaluation. Most subjects are covered with 
broad enough scope to supply basic information for otolaryngolo- 
gists and residents, yet with sufficient complexity to be clinically 
useful for neurotologists, otologists, neurologists, and audiolo- 
gists. The detail offered in some chapters is of practical value as a 
reference for use in various technical procedures. Because of the 
number of international authors, the book lacks cohesiveness in 
some areas. The editors have provided a detailed index and a 
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number of line drawings, graphs, photographs, and x-ray films. 
Most chapters have extensive references. 


This is a concise text, consisting of 417 pages, The first two 
chapters detail the clinical office evaluation of the hearing- 
impaired and/or dizzy patient. Neurologic considerations and 
conamon neurologic disorders associated with dizziness are re- 
viewed. Approximately 20% of the book is devoted to three chap- 
terson the audiologic evaluation for neurotologic diagnosis, in- 
clucing auditory brain stem response measurements and electro- 
cockleography. These three chapters are exceedingly well written 
and supply basic and advanced, clinically useful information con- 
cermng specific techniques for carrying out and interpreting 
evoked potential measurements. 


Aaother chapter, on evaluation of the vestibular system, pre- 
sents a brief review of vestibular physiology. Excellent instruc- 
tions for obtaining consistently reliable electronystagmographs 
are written and illustrated in such a manner as to be quite useful 
clinieally. Also included in this chapter is a discussion of the 
clinieal use of rotary chair testing. 


Tle chapter on facial nerve testing and evaluation is somewhat 
basic, supplying an outline of anatomy of the facial nerve with a 
numoer of good illustrations. Topographic and electrical tests are 
reviewed. The authar describes the facial paralysis recovery index 
he uses, but does not discuss the facial paralysis index that has 
been accepted by the American Academy of Otolaryngology- 
Heac & Neck Surgery and the Fifth International Facial Nerve 
Symposium. Common causes of facial paralysis are reviewed. 


Twenty-five percent of this handbook is devoted to two de- 
tailec chapters concerning computed tomography in the neuroto- 
logic datient. These chapters are well illustrated with numerous 
photegraphs of CTs, with a wide sampling of a variety of differ- 
ent Ieions. The outstanding omission in this book is the lack of a 
chapter on magnetic resonance imaging, particularly considering 
the amount of space given in the book to radiographic evaluation. 


The book concludes with three informative and well-written 
chapters concerning evaluation of autoimmune, metabolic, and 
geneti disorders of the inner ear. Overall, the scope and depth of 
this beok is such that it can serve as a practical clinical guide in 
many aspects of the neurotologic evaluation and diagnosis. 


JAMES J. Pappas, MD 
JOHN R. E. Dickins, MD 
Little Rock, Arkansas 


Surgery of the Mandible 


Byron J. Bailey and G. Richard Holt, eds. Hard cover, il- 
lustrated, indexed, 229 pages, 1987. Thieme Medical Pub- 
lishers, New York, $59.95. 


Although illustrated adequately, this book is superficial in its 
coverage. Obviously, it is difficult in short chapters to cover as- 
pects ef mandibular surgery that usually are incorporated in large 
two- or three-volume texts. Hence, in many of its sections, one en- 
tity is covered rather extensively while the majority of related 
problems are skimmed over. 


This is a reasonably good overview of the subject of mandibular 
surger~ for the medical student or intern, but it is not adequate as 
a reference source for the surgeon. 


ALLEN J. KosLIN, DDS 
Birmingham, Alabama 


Diagnestic Bronchoscopy 


Peter Straddling. 5th ed. Hard cover, illustrated, indexed, 182 
pags, 1986. Churchill Livingston, New York, $75. 


The author designed this book as a pictorial monograph to aid 
the physician training in respiratory medicine and receiving 
hands-en instruction in rigid and flexible bronchoscopy. The book 
is written in atlas form and includes photographs taken through 
rigid teescopes with accompanying annotated drawings to locate 
items œ major interest of both normal and abnormal anatomy of 


the upper and lower airways. In addition, drawings of the bron- 
chial 2ee accompany each photograph, with arrows indicating 
the pcestion and direction of the fiberoptic telescope when the 
photograph was taken. Brief chapters are included discussing the 
methociclogy of both rigid and flexible bronchoscopy, indications 
for brenchoscopy in general, the author’s preferred technique, 
and a æthod for jet ventilation through the bronchoscope. 


The main strengths of this text for the otolaryngologist-head 
and nek surgeon are the approximately one fifth of the text de- 
voted © normal tracheobronchial anatomy and the approximate- 
ly thre fifths devoted to pathologic conditions of the tracheo- 
broncłHa tree. The text could be brought to the operating room 
by residents in training and used as a map while visualizing the 
main sem and segmental bronchi during bronchoscopy. 


Thee is discussion of some details of bronchoscopic technique 
and in=rumentation not commonly used in the United States. In 
addition, there is no attempt to deal with special problems of en- 
doscop- m children, including foreign body removal. 


Desp te some minor shortcomings that would concern the oto- 
laryngc cgist-head and neck surgeon, the photography and ac- 
compary-ng line drawings of the upper airways are excellent, and 
the textshould be a welcome addition to the libraries of practicing 
otolary- gologists and residency training programs. 


DENNIS M. CROCKETT, MD 
Los Angeles, California 


The Eustachian Tube 


Jacok Sadé, ed. Hard cover, illustrated, indexed, 187 pages, 
1986. Kugler Publications, Berkeley, Calif, $57. 


This s the companion book to Acute and Secretory Otitis 
Media, ~\=5 edited by Dr Sadé. Both are publications of the pro- 
ceedings at the 1985 Jerusalem Symposium on Acute and Secre- 
tory Otias Media. 


The e«s-achian tube may well be the stepchild of investigations 
in otitis media. Crude studies of its function, using gradient 
changes mairflow, were done in the 1930s and 1940s, followed in 
the 1950& and 1960s by reports of almost incidental observations 
made duriag tympanoplasties. During the 1960s, the contributing 
role of eas-achian tube malfunction in otitis media began to ac- 
quire attertion. In this volume, Dr Sadé has chosen to give the 
eustachian tube its own importance. 


Quite «qpropriately, this text deals with the two primarv func- 
tions of tae eustachian tube: aeration of the middle ear and clear- 
ing of th- tympanum of mucus. Nothing to date clearly explains 
the assur_ction that the eustachian tube is obstructed in cases of 
middle ear effusion, since the tympanums are so underaerated. 
Indeed, ths book substantiates the need to reconsider current 
views of eustachian tube obstruction. The reports traverse the 
horizons »f negative middle ear pressure and the anatomic struc- 
ture of the eustachian tube. The latter subject consumes a large 
portion o the text, and includes a comparison of its normal and 
diseased =stes. 


The symposium participants have given us new information re- 
garding mastoid pneumatization (comparing this specifically 
with the esssous isthmus of the eustachian tube); middle ear gases 
(pressure wagulation and oxygen concentration of the inner ear 
fluid in citis media); eustachian tube function and middle ear 
pressure (th swimming, sniff syndrome); cilia and the middle 
ear; and surgery (there is still no good test for determining 
eustachiaz ube function in an evaluation for tympanoplasty). 


As the edtor-lecturer, Dr Sadé points out that the final answer 
for failure cf middle ear aeration in otitis media is still elusive. 
Neverthel<s:, there is presented in this book new and pertinent in- 
formatio The text is precise, interesting, and relevant. It is a 
clearly ween and well-organized analytical study of an impor- 
tant strucwie. 


DENNIS G. Pappas. MD 
Birmingham, Alabama 


INSTRUCTIONS TO AUTHORS 


Send manuscripts to Editor Brian F. McCabe, MD, De- 
partment of Otolaryngology-Head and Neck Surgery, 
University of Iowa Hospitals, Iowa City, IA 52242. Origi- 
nal manuscripts dealing with clinical and scientific aspects 
of otolaryngology, bronchoesophagology, head and neck, 
maxillofacial and plastic surgery, audiology, speech pa- 
thology, and related specialties will be considered for pub- 
lication. 


Written permission from both senior author and publisher 
must be provided to the Annals in order to republish ma- 
terials copyrighted elsewhere. 


Papers are scheduled for publication in chronologic order 
of acceptance; however, manuscripts received in improper 
form require longer production time, which may delay 
publication. The following instructions are in accord with 
Uniform Requirements for Manuscripts Submitted to Bio- 
medical Journals (Ann Intern Med 1982; 96 [Part 1): 
766-71). 


MANUSCRIPT. Limit papers to a size that will make up 
to no more than six printed pages, figuring three double- 
spaced typewritten pages of text to one typeset page; see 
journal for estimating space required for references, il- 
lustrations, and tables. If a manuscript of slightly greater 
length is approved by the editor all typeset pages in excess 
of six will be charged to the author at the publishers’ cost 
of $150 per page. Submit an original and two copies of the 
manuscript, typed on white bond paper with margins of at 
least 25 mm (1 in), double-spaced throughout, including 
abstract, references, tables, and legends. Begin each com- 
ponent on a new page in the following sequence: title 
page, abstract, text, acknowledgments, references, tables, 
and legends. Number pages consecutively in the upper 
right corner, beginning with the title page. 


The author is responsible for all statements in the paper, as 
approved by the author on the copyedited galley proofs, 
and for the cost of authors’ alterations made after the 
paper is set in type. 

Title page must include 1) a concise but informative title, 
worded to facilitate indexing; 2) an abbreviated form of 
the title, to be used as a running head; 3) authors’ names 
and no more than two academic degrees; 4) department(s) 
and institution(s) to which work should be attributed, not- 
ing authors’ affiliations; 5) statement of grant or other sup- 
port; 6) name and address of author to whom reprint re- 
quests should be sent; and 7) name, address, and telephone 
number of author handling correspondence and proofs. 


Abstracts should contain no more than 150 words and 
should state the goal of the study, primary procedures, 
main findings, and principal conclusions. 


Key Words, chosen as far as possible from the National Li- 
brary of Medicine Medical Subject Headings, should be 
listed after the abstract. 


References should be numbered consecutively in the order 
in which they are first mentioned, cited in the text in 
arabic numerals and may not exceed 30 in number. 
Authors will be charged $1.50 for each reference over 30. 
Use the style of references given in Uniform Requirements 
or a current issue of the Annals. Include in the reference 
list manuscripts accepted but not yet published; designate 
the journal followed by “in press” in parentheses. Manu- 
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scripts submitted but not yet accepted should be referred 
to as “unpublished data” in parentheses in the text. Pri- 
mary references only should be used and must be verified 
by the author(s) against the original documents. 


Tables should be on separate sheets, numbered consecu- 
tively, each headed by a concise title. Place explanatory 
matter in footnotes. Tables are adjuncts to the text and 
should not repeat material already presented. Limit the 
number of tables to no more than four small or two large 
tables per typeset page. The cost of setting tables will be 
charged to the author. 


Illustrations must be submitted in three complete sets, un- 
mounted. Only professional-quality glossy photographs 
and black and white line drawings are acceptable. Let- 
ters, numbers, and symbols on diagrams should be clear 
and even throughout, and of sufficient size that when 
reduced for publication, each item is still legible. Titles 
and detailed explanations of illustrations must be listed on 
a separate sheet, not on the illustrations themselves. Affix 
a label on the reverse of each illustration indicating figure 
number, authors’ names, and top of the figure. For radio- 
graphs, photomicrographs, CT scans, etc, give indications 
for maximum cropping and labeling on an overlay or 
xerox copy. Cite each figure in the text in consecutive 
order. Written permission from subjects is required for 
identifiable photographs of individuals. The cost of 
preparing illustrations for production is charged to the 
author. Color illustrations are acceptable for publication; 
cost estimates for color separations and printing will be 
provided upon request. 


ABBREVIATIONS, MEASUREMENTS, AND NOMEN- 
CLATURE. Use standard abbreviations given in Uniform 
Requirements. All measurements must be expressed in 
metric terms; if original measurements were made in 
another system, these may be included in parentheses. 
Audiograms must be plotted according to ISO standards. 
Generic names should be used whenever possible. 


SUPPLEMENTS. A manuscript too long for inclusion in 
the Annals may be published as a supplement if approved 
by the editor. All costs must be borne by the author; 
estimates of cost are provided upon request. Supplements 
have the advantages of separate identification and rapid 
publication, but undergo the same critical review. 


REPRINTS. Rates are quoted when proofs are sent. Or- 
ders must be signed by the author and returned with the 
proofs. 


COPYRIGHT. Each manuscript must be accompanied by 
the following statement signed by all authors before being 
reviewed: “1) This paper has not been published or sub- 
mitted for publication elsewhere, other than as stated in a 
separate letter to the editor. 2) [For papers with more than 
one author] I have contributed substantively to the devel- 
opment of the content of this paper and have agreed to 
have my name listed as an author in the final, revised ver- 
sion. 3) In consideration of the Annals of Otology, Rhinol- 
ogy & Laryngology taking action in reviewing and editing 
my (our) submission, I hereby transfer, assign, or other- 
wise convey all copyright ownership to the Annals Pub- 
lishing Company in the event such work is published in the 
Annals of Otology, Rhinology & Laryngology.” 

June 1987 


POSITION 
AVAILABLE 


OTOLARYNGOLOGIST 


Busy practice looking for second 
Board-certified/eligible otolaryngolo- 
gist to join 55-doctor multispecialty 


group located in suburb 20 minutes 
northwest of Milwaukee. Excellent sal- 
ary and fringe benefits. 


Send CV and letter of application to: 
Administrator 


PO Box 427 
Menomonee Falls, WI 53051 










OTOLARYNGOLOGIST 


SAN FRANCISCO 
BAY AREA 






A full-time position is available at the Kaiser 
Permanente Medical Center in Oakland, Cali- 
‘ornia. The position involves an active clinical 
and real practice, resident and medical 
student teaching, and clinical research oppor- 
tunities. The position offers a competitive 
salary and outstanding benefits. It requires 
Board-certification/eligibility and a Califor- 
nia license. 











Contact: 
Raymond L. Hilsinger, Jr, MD 
Department of Otolaryngology 

Kaiser Permanente Medical Center 

280 West MacArthur Blvd 
Oakland, CA 94611 
(415) 596-6402 
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POSITION AVAILABLE 
OTOLARYNGOLOGIST 










A 20-physician multispecialty group in West 
Palm Beach, Florida, seeks a dynamic, confi- 
dent physician for private practice. Candi- 
dates must be personable and well qualified: 
eraphasis on high quality care. Financial 
package is based on incentives with full part- 
nership in 3 years. 











Send CV to: 
Joseph V. D’Angelo, MD 
Recruiting Chairman 
Palm Beach Medical Group, Inc 
705 North Olive Avenue 
West Palm Beach, FL 33401 
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OTOLARYNGOLOGIST/ 
EEAD AND NECK SURGEON 






Jonas Hopkins Health System needs a BC/BE 
general otolaryngologist/head and neck sur- 
geda for a professionally challenging, full- 
time staff position. Practice to fel e com- 
muazity and HMO settings. 










Send CV or contact: 


Michael E. Johns, MD 
Andelot Professor and Chairman 


Department of Otolaryngology/ 
Head and Neck Surgery 


The Johns Hopkins Medical Institution and 
Johns Hopkins Health System 
600 N Wolfe Street 
Baltimore, MD 21205 


An Equal Employment Opportunity Employer 












ANNALS OF OTOLOGY, 
RHINOLOGY & LARYNGOLOGY 


ANNALS OF HEAD & NECK MEDICINE & SURGERY 


ANNOUNCEMENTS 


Rates 


ir. 2x _3x_ 
'/, page $100 $190 $270 
1), page 170 320 450 
full page 275 530 765 


Due Date for Material 


Material must be received 15 days prior to the 
first month of issue (eg, for the January/ 
February issue the due date is December 15). 


Send to 
Annals Publishing Company 
4507 Laclede Avenue 
St Louis, MO 63108 
(314) 367-4987 





POSITION AVAILABLE 
OTOLARYNGOLOGIST 


Rapidly pape. multispecialty clin- 
ic in the Los Angeles area needs an oto- 
laryngologist, preferably one who 
knows both English and Spanish. The 
practice has three clinics and provides 


an excellent opportunity for a moti- 
vated medical professional. 


Please send CV or call: 


Clinica Popular 
PO Box 76852 

Los Angeles, CA 90076 
(213) 381-7175 


ask for Pedro or Daniel 
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Every precaution is taken to insure accuracy, but we cannot guarantee 
against the possibility of an occasional change or omission in the prepara- 


tion of this index. 


OTOLARYNGOLOGIST 


Tae Olin E. Teague VA, Temple, Texas, is re- 
cmiting for a Board-certified/eligible otolar- 
yngologist. Our well-staffed veterans’ admin- 
is ration hospital is located in a central Texas 
city of 50,000. This is a faculty appointment, 
aad the person chosen must be willing to train 
residents. 


Contact: 


Chief, Surgical Service 
Olin E. Teague Veterans’ Center 
Temple, TX 76504 
(817) 771-4539 


Equal Opportunity Employer 





ACADEMIC POSITION 
IN 
OTOLARYNGOLOGY— 
HEAD AND NECK 
SURGERY 


Assistant professor/instructor-level position 
available at the Mountain Home Veterans Ad- 
ministration Medical Center and Quillen- 
Dishner College of Medicine at East Tennessee 
Gate University. Applicant must be Board- 
certified/eligible and must have documented 


teaching and clinical practice ability. Proven 
academic productivity is essential. 


Send application with a current 
curriculum vitae to: 


Louis Modica, MD 
112 D, Department of Surgery 


Veterans Administration Medical Center 
Mountain Home, TN 37684 


ETSU is an affirmative action/equal opportunity employ- 
er. Women and minorities are encouraged to apply. ETSU 
employs only US citizens and aliens authorized to work in 
the United States. Review of applications will begin imme- 
ciately and continue until the position is filled. 
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entex LA 
PHENYLPROPANOLAMINE HCI 75 mg 
GUAIFENESIN 400 mg 


IN A SPECIAL BASE TO PROVIDE A PROLONGED 
THERAPEUTIC EFFEC™ 


eEntex’ 
LIQUID 


Each 5 ml (one teaspoonful) contains 








PHENYLEPHRINE HYDROCHLORIDE 5mg 
PHENYLPROPANOLAMINE HYDROCHLORIDE 20 mg 
GUAIFENESIN 100 mg 
ALCOHOL 5% 





Before prescribing or administering, 
see package Circular for full product information. 
The following is a brief summary. 


INDICATIONS AND USAGE: Entex is indicated for the symptomatic relief 
of sinusitis, bronchitis, pharyngitis, and coryza when these conditions are 
associated with nasal congestion and viscous mucus in the lower respiratory 
tract 

CONTRAINDICATIONS: Entex is contraindicated in individuals with 
known hypersensitivity to sympathomimetics, severe hypertension, or in 
patients receiving monoamine oxidase inhibitors 

WARNINGS: Sympathommmetic amines should de used with caution ır 
patients with hypertension, diabetes mellitus. heart disease. peripheral vas- 
cular disease. increased intraocular pressure, hyperthyroidism, or prostatic 
hypertrophy 

PRECAUTIONS: Information for Patients: Do not crush or chew 
Entex LA tablets prior to swallowing 

Drug Interactions: Entex should not be used in patients taking monoamine 
oxidase inhibitors or other sympathomimetics 

Drug/Laboratory Test Interactions: Guaifenesin has Deen reported t0 
interfere with clinical laboratory determinations of urinary 5-hydroxyindole- 
acetic acid (5-HIAA) and urinary vanilmandelic acid (VMA) 

Pregnancy: Pregnancy Category C. Animal reproduction studies have not 
been conducted with Entex. It is also not known whether Entex can cause fetal 
harm when administered to a pregnant woman or can affect reproduction 
capacity Entex should be civen to a pregnant woman only if clearly needed 
Nursing Mothers: It is nct known whether the drugs in Entex are excreted in 
human milk. Because many drugs are excreted in human milk and because o! 
the potential for serious adverse reactions in nursing infants, a decision 
should be made whether to discontinue nursing or to discontinue the 
product, taking into account the importance ot the drug to the mother 
Pediatric Use: Entex LA: Safety and effectiveness of Entex LA tablets in 
children below the age of 6 have not been established 

Entex Liquid: Satety and effectiveness of Entex Liquid in children below 
the age of 2 have not been established 

ADVERSE REACTIONS: Possible adverse reactions include nervousness 
insomnia, restlessness, headache. nausea, or gastric irritation These reac- 
tions seldom. if ever, require discontinuation of therapy. Urinary retention 
may occur in patients with prostatic hypertrophy 

OVERDOSAGE: The treatment of overdosage should provide symptomatic 
and supportive care If the amount ingested is considered dangerous Of 
excessive, induce vomiting with ipecac syrup unless the patient is convuls- 
ing, comatose, or has lost ‘he gag reflex, in which case perform gastric lavage 
using a large-bore tube. f indicated. follow with activated charcoal and a 
saline cathartic. Since the effects of Entex may last up to 12 hours, treatment 
should be continued tor a’ least that length of time 

DOSAGE AND ADMINISTRATION: Entex LA: Adults and children 12 
years of age and older — ane tablet twice daily (every 12 hours), children 6 to 
under 12 years — one-half (1/2) tablet twice daily (every 12 hours) Entex LA 
is not recommended for children under 6 years of age. Tablets may be broken 
in halt for ease of administration without affecting release of medication but 
should not be crushed or chewed prior to swallowing 

Entex Liquid: All dosace should be administered four times daily (every 


6 hours) 

Children: 

2 to under 4 years 1⁄2 teaspoontul (2 5 ml) 
4 to under 6 years 1 teaspoontul (5 0 ml) 
6 to under 12 years 12 teaspoontuls (7 5 ml) 


Adults and children 12 years of age and older: 

2 teaspoontuls (10.0 ml) 

HOW SUPPLIED: Entex LA is available as a blue. scored tablet imprinted 
with “ENTEX LA” on the smooth side Entex Liquid is available as an 
orange-colored, pleasant-tasting liquid 

Entex LA 

NDC 0149-0436-01 bottle of 100 

NDC 0149-0436-05 bott e of 500 

Entex Liquid 

NDC 0149-0414-16 16FL OZ (1 Pint) bottle 

CAUTION: Federal law prohibits dispensing without prescription 
LQ-BS5/LA-BS8 

REVISED JULY 1985 (Entex LA) 

REVISED SEPTEMBER 1985 (Entex Liquid) 
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Norwich Eaton Pharmaceuticals. Inc 
A Procter & Gamble Company 
Norwich, New York 13815-0231 © 1987 NEPI 








Too many antihistamines 
in one place can create 
a lot of congestion. 


Antihistamines. pe” N RN "N 
Families often have a medicine ee i 3 
cabinet full of them! They still ’ : 
haven't figured out that antihistamine 
drying can make matters worse when 
a cold has progressed to sinusitis and 
bronchitis. 


Further drying is the last thing A 
congested patients need when eo 
their nasal passages are clogged 
and swollen, and sinuses and 
chests are blocked with sluggish, 
retained mucus. 


Congestion calls for ENTEX ‘. a 
Exactly what they need: 
decongestant, and a 
moisturizing expectorant. 

To decongest clogged nasal 

. passages and liquefy tena- 
clous mucus so it can be 
easily expelled. And not a bit 
of drying antihistamines. 
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drying or drowsiness. 


(Please see next page for brief summary of prescribing information. ) 
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Prismatic light deflector offers 
superior illumination at the 
operative site in an open-tube 
modality. 


Swivel anesthesia 
connector permits easy 
360° rotation. 


Unique manual Venturi jet 
capability significantly improves 
regulation of ventilation. | aser surgery becomes a 


more precise, controlled opera- 
tion with our new SHAPSHAY 
laser bronchoscope. 

This innovative rigid system 
is the first to provide a unli- 
versal ventilation capability with 
laser compatibility. Because 
ventilation control is so critical 
to the procedure, our new 
design gives you a choice 
of spontaneous ventilation, 
ventilator assist or manual 
Venturi jet ventilation. 


Maximum stability of the 
laser fiber, suction catheter 
and telescope at the distal end 
are ensured by a long instru- 
ment guide with three separate 
lumens. A short bridge 
increases versatility with two 
instrument openings for suc- 
tion catheters in addition to 
the laser fiber and telescope 
ports. 

Precision grasping/biopsy 
instruments, such as Karl Storz 
optical forceps, offer superior 
contro! for extraction of dena- 
tured tissue. 

And significantly improved 
visualization afforded by a 
prismatic light deflector means 
increased speed and accu- 
racy during the time the tele- 
Scope is removed. 


Long instrument guide provides 
Separate channels for more 
controlled delivery of telescope, 
laser fiber and suction catheter 


5 Obstructed. 


A short bridge offers 
openings for telescope and 
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This combination of œa- 
tures sets a new standard for 
laser bronchoscopy. Adc the 
Superb optics of our Hopkins* 
rod lens telescopes, and you 
have a laser fiber delivery SyS- 
tem with unprecedented 
performance. 

If optimal laser broncnos- 
copy Is your aim, ask your Karl 
Storz representative about our 
new system. It's right on target. 


“Invention of Professor H.H. Hopkins 


Side vents allow passage of 
cases if bronchoscope tip 





Karl Storz GmbH & Co. 
Mittelstr. 8-Postfach 4752 
D-7200 Tuttlingen, W Germany 
(07461) 7080 

Telex 762 656 Storz d 

Fax 49 7461 708105 


Karl Storz Endoscopy-America, INC. 
10111 W. Jefferson Blvd. was fi) 
Culver City, CA 90232-3578 œ 

Toll Free (800) 421-0837 © 

In CA (800) 252-2008 
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NEEDLE-FREE INJECTOR 


will make your job easier! 


Let’s face it...Patients hate needles! That’s why MEC offers you and your patients a 

method of reducing fear and trauma associated with traditional needle and syringe 

injections. The MadaJet XL delivers anaesthetics and other medicaments safely 

and efficiently without a needle. Interchangeable Extenda Tips® come in various 

lengths (34" to 61⁄2”) and fit through any standard laryngoscope, otoscope or 
EENEN speculum. For more information call us TOLL-FREE at: 

f Mada | 


“equipment 1-800-332-MADA 
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The Montgomery? — 
TRACHEAL CANNULA SYSTEM 


Effective 

| | Easy to insert ha T 

L] Flange fits snugly against 
anterior tracheal wall 

|_| No foreign body projects 
into tracheal lumen 

|| Does not interfere with voice 
production while plugged 


Safe 


|_| Faceplate secures cannula until 
tracheotomy is healed | 

L] Ring washer helps maintain 
cannula in position during long ISA 
term use 

L Made of flexible medical grade 
silicone which is non-irritating 
and does not react with tissue 

|| Speaking valve has unique cough 
pressure release feature 




















Silicone cannula 














Sica nania 2. A | NR Insertion ck ia Cannula 
faceplate for comfort oie (oo ~ | 
after tracheotomy ye 
is healed 


C Easy to clean and care for 

|_| Plug is easily inserted with a slight 
twist and will remain in place 
even during forceful coughing 








US Patent 4,269,184 
A complete system - from incision to long term REAR, management 


Long-term 

tracheal cannula 

with ring washer and 
Short-term tracheal speaking valve - an extra- 
cannula with faceplate ong cannula is available for 
and plug use in obese patients 


Tracheal 
Fenestrator 


yy TA. e EAO Ewell eF bi < q 
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Boston Medical Products, Inc. Please request 
ston 87 Rumford Ave., Waltham, MA02154 “EW 7988 CATALOG, 


edical (617) 894-8844 [in Mass} Psp see 


Products 1-800-433-BMPI outlining procedures 
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CALL FOR 
PAPERS: 


Wilbur James Gould 
Voice Research Award 


Sponsored by The Voice Foundation, 
this $1,000.00 award honoring Wilbur 
James Gould, M.D., is presented 
annually to the interdisciplinary group 
of authors submitting the winning 
paper dealing with “Functions of 
the Voice.” 
Please contact The Voice Foundation 
for instructions for submission 

for the competition. Five copies of 
each manuscript are required to be 
submitted by October 31, 1988 to: 


The Voice Foundation 
40 West 57th Street, Rm. 300 
New York, NY 10019, U.S.A. 
Tel. (212) 581-2530 















CALL FOR 
PAPERS: 


Annual Symposium: 
Care of the 
Professional Voice 





Manhattan School of Music 
Deadline: October 31st, 1988 


Send four copies of abstract including 
academic affiliation, address and 
telephone number of all authors to: 





The Voice Foundation 
40 West 57th Street, Rm. 300 
New York, NY 10019 

(212) 581-2530 


HOUSE EAR INSTITUTE 


Caer ee ee ee ee 


TEMPORAL BONE SURGICAL DISSECTION COURSES -— 1989 
_———— eee 


Intensive One Week Courses (CME hrs.) 


Hand pieces, burrs and basic eguipme 


The course is designed for the practicing otolary ago og S 


and edited ta 


PPR Fe 


March 12-17, 1989 _ 
April 9-14, 1989 


, 


July 9-14, 1989 


Physicians $975.00 


asis on the common problems er.couat eret 


October 1-6, 1989 


e selected telecasts.of | 


zber 22-27, 1989 
yer 12-17, 1989 


Antonio De la Cruz, M.D., Disector of Education 
House Ear Institute * 256 South Lake Street, Los Amzeles, California 90057 + (213) 483-4431 





CALL FOR PAPERS 


Fourth Annual Scientific Session 
AMERICAN SOCIETY 


OF 
PEDIATRIC OTOLARYNGOLOGY 


May 18-21, 1989 
Hotel Inter-Continental 
San Diego, California 


Send abstracts of 200 words or less 
by October 31, 1988 to: 


Robin T. Cotton, MD 
President 


Department of Otolaryngology 
Children’s Hospital and Medical Center 
Elland & Bethesda Avenues 
Cincinnati, OH 45229 


The University of Michigan 


TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Director: John L. Kemink, MD 


Intensive 5-day courses emphasize surgical 
and anatomical approaches to the temporal 
bone in a manner relevant for the otologic 
surgeon, utilizing lectures, videotapes, and 
temporal bone microdissection. All dissection 
equipment and luncheon provided. 


50 Hours CME Credits 
FEE: $1000; Residents $750 


% ` 1989 

Oct 17-21 ; Apr 24-28 
Nov 14-18 any: ‘tis May 22-26 
| J Oct 16-20 

Nov 13-17 


For further information, contact: 


John L. Kemink, MD 
Department of Otolaryngology 
Box 0312, 1500 E Medical Center Drive 
Taubman Medical Center 
Ann Arbor, MI 48109 
(313) 936-8006 


MONTHLY— STARTING JANUARY 1989 


ANNUAL SUBSCRIPTION RATES 


US FOREIGN 


INSTITUTIONS $120 $140 
INDIVIDUALS* 80 100 
RESIDENTS/STUDENTS* 48 60 


*Individual, resident, and student subscriptions must 
be in the individual’s name and must be billed to and 
paid for by the individual. 


NEW SUBSCRIBERS WILL RECEIVE 2 ISSUES 
FREE WITH PAID SUBSCRIPTION 


ANNALS PUBLISHING COMPANY 
4507 Laclede Avenue 
St Louis, Missouri 63108 
(314) 367-4987 





| Tavist-D 


Senna Ha Big) Tablets 
_. The #1 Prescribed 
antihistamine/decongestant tablet 


X 


Tavist-D controls the symptoms of 
allergic rhinitis that cause disconfort to 
your patients: sneezing, runny noss, itchy, 
watery eyes. 

And, Tavist-D contains a decongestant 
that clears nasal passages, something a plain 
antihistamine alone can’t do. 

Day and night the b.i.d. dosage regi- 
men allows your patients to get relief 12 
hours long. 

Prescribing Tavist-D has gone from a 
common occurrence to a frequemt event. 
Since 1983 the number of yearly prescrip- 
tions has more than tripled, making it the 
#1 prescribed antihistamine/decor gestant 
tablet. 

But of course, there’s an exp_anation 
. for all this: 

It works. 














vist-D Tablets 


AAV 1S 1.34 mg, phenylpropanolamire HCI, 75 mg) 


for a clear head 





*Standard industry prescription audits. Data on file, Sandoz Pharmaceutiee ls Corporation. 





Please see the brief summary of prescribing information on the follow ng page. 


©1988 Sandoz Pharmaceuticals Corporation TAD-888-1 








Brief Summary 
TAVIST-D* 


(clemastine fumarate, USP 
phenylpropanolamine HCI, USP) TABLETS 


INDICATIONS AND USAGE: Tavist-D® (clemastine fuma- 
rate/phenylpropanolamine HCl) Tablets are indicated for 
the relief of symptoms associated with allergic rhinitis such 
as sneezing, rhinorrhea, pruritus of the eyes, nose or 
throat, lacrimation and nasal congestion 
CONTRAINDICATIONS: Tavist-D® (clemastine fumarate/ 
phenylpropanolamine HCI) Tablets are contraindicated in 
patients hypersensitive to any of the components 
Antihistamines should not be used in newborn or prema- 
ture infants or in nursing mothers. Antihistamines should 
not be used to treat lower respiratory tract symptoms 
including asthma. Tavist-D® (clemastine fumarate/phenyl- 
propanolamine HCI) Tablets are contraindicated in 
patients receiving monoamine oxidase inhibitors (see 
PRECAUTIONS — Drug Interactions) and in patients with 
severe hypertension or severe coronary artery disease 
WARNINGS: Antihistamines such as clemastine fumarate 
should be used with considerable caution in patients with 
narrow angle glaucoma, stenosing peptic ulcer, pyloro- 
duodenal obstruction. symptomatic prostatic hypertrophy, 
and bladder neck obstruction. Sympathomimetic drugs 
such as phenylpropanolamine hydrochloride should be 
used with caution in hypertension, cardiovascular disease, 
diabetes mellitus, and uncontrolled hyperthyroidism 

Use with CNS Depressants: Antihistamines have 
additive effects with alcohol and other CNS depressants 
(hypnotics, sedatives, tranquilizers, etc.). 

Use in Activities Requiring Mental Alertness: 
Patients should be warned about engaging in activities 
requiring mental alertness such as driving a car or 
operating appliances, machinery, etc 

Use in the Elderly (approximately 60 years or older): 
Antihistamines are more likely to cause dizziness, sedation 
and hypotension in elderly patients. Overdosages of sym- 
pathomimetics in this age group may cause hallucinations, 
convulsions, CNS depression and death in elderly 
patients 

Use in Children: Safety and effectiveness of Tavist-D® 
(clemastine fumarate/phenylpropanolamine HCI) have not 
been established in children under the age of 12. In infants 
and children, especially, antihistamines in overdosage 
may cause hallucinations, convulsions or death. As in 
adults, antihistamines may diminish mental alertness, but 
they may also produce excitation, particularly in young 
children 
ADVERSE REACTIONS: Antihistaminic Compounds: 
lt should be noted that the following reactions have 
occurred with one or more antihistamines and, therefore, 
should be kept in mind when prescribing drugs belonging 
to this class, including clemastine fumarate. The most 
frequent adverse reactions reported with clemastine 
fumarate are underlined 
1. General: Urticaria, drug rash, anaphylactic shock, 

photosensitivity, excessive perspiration, chills, dryness 

of mouth, nose and throat 

2. Cardiovascular System: Hypotension, headache, 
palpitations, tachycardia, extrasystoles 

3. Hematologic System: Hemolytic anemia, thrombocy- 
topenia, agranulocytosis 

4. Nervous System: Sedation, sleepiness, dizziness, 
disturbed coordination, fatigue, confusion, restless- 
ness, excitation, nervousness, tremor, irritability, 
insomnia, euphoria, paresthesias, blurred vision, 
diplopia, vertigo, tinnitus, acute labyrinthitis, hysteria, 
neuritis, convulsions 

5. Gastrointestinal System: Epigastric distress, anorexia, 
nausea, vomiting, diarrhea, constipation 

6. Genitourinary System: Urinary frequency, difficult 
urination, urinary retention, early menses 

7. Respiratory System: Thickening of bronchial secre- 
tions, tightness of chest and wheezing, nasal stuffiness. 

Sympathomimetic Compounds: Nervous System: At 

higher doses may Cause drowsiness, dizziness, nervous- 

ness, or sleeplessness, and especially in children may 

Cause excitability Phenylpropanolamine hydrochloride 

may cause elevated blood pressure and tachyarrhyth- 

mias, especially in hyperthyroid patients 

DOSAGE AND ADMINISTRATION: Adults and children 

twelve years and over: One tablet swallowed whole every 

twelve hours 

HOW SUPPLIED: Tavist-D® (clemastine fumarate/ 

phenylpropanolamine HCI) Tablets: Containing 134 mg 

clemastine fumarate (equivalent to 1 mg of the free base) 

and 75 mg phenylipropanolamine hydrochloride. White, 

round film-coated multiple compressed tablet, embossed 

“TAVIST-D" on one side and “78-221” on the other 

Packages of 100 (NDC 0078-0221 -05) 

[TAD-Z4 APRIL 15, 1986] 











SANDOZPHARMACEUTICALS 


Corporation, E. Hanover, NJ 07936 (201) 503-7500 








OTOLARYNGOLOGIST 
NEEDED IN 
CONNECTICUT 


Board-certified or Board-eligible otolaryngol- 
ogist is needed to establish an ENT practice 
near a progressive, well-equipped and well- 
staffed community hospital serving a popula- 
tion of 35,000 people in northwestern Connec- 
ticut and eastern Dutchess County, New York. 
Financial assistance is available. 


Send CV to: 


David R. Kurish, MD 
Chairman, Recruitment Committee 


Sharon Hospital 
Sharon, CT 06069 


OTOLARYNGOLOGY 


Marshfield Clinic Department of Otolaryn- 
gology - Head and Neck Surgery is seeking 
a fifth BE/BC Otolaryngologist to join its 
expanding practice. Marshfield Clinic is a 
270 physician multispecialty private group 
practice located in a unique rural setting in 
Central Wisconsin. The Clinic, physically 
adjacentto a 524 bed acute care teaching 
hospital, serves as a majorsecondary and 
tertiary referral center for Wisconsin and the 
Upper Peninsula. A University of Wisconsin 
Medical School affiliation, Residency Pro- 
grams, and Medical Research Foundation 
contribute to a very stimulating environ- 
ment. Send curriculum vitae and references 
to: 

Victor Ejercito, M.D. 

Department of Otolaryngology 


1000 North Oak Avenue 
Marshfield, WI 54449 
or call collect at (715) 387-5245 


Marshfield Clinic 
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CALL FOR PAPERS 
VIII ISIAN 


INTERNATIONAL SYMPOSIUM ON 
INFECTION AND ALLERGY OF THE NOSE 
INTERNATIONAL RHINOLOGY CONFERENCE 


Stouffer Harborplac- Hotel 
Baltimore, Marylanc J.S.A. 


JUNE 11-15, 1989 


HE VIII INTERNATIONAL SYMPOSIUM ON INFECTION ANC ALLERGY OF THE NOSE (ISIAN) will be held from 

Suncay, June 11 through Thursday, June 15, 1989, in Baltimor- Maryland. Due to postponement of the World Con- 

gress, the VIII ISIAN will now be held in June during the time originally scheduled for that meeting. The Johns Hop- 
kins University School of Medicine and the Triological Society are most pleased to jointly sponsor the first of these international 
symposia to be held in the United States, as well as an international rhamology conference. 





KALTIMOKRE. MID 





A multidisciplinary faculty of international leaders in the field will pr=sent state-of-the-art papers on clinical and basic re- 
search, as well as clinical techniques. The meeting will cover current aspects of nasal physiology; the pathogenesis and diagno- 
sis of sinus disease; the pathogenesis, diagnosis, and treatment of allergy; functional and cosmetic nasal surgery and adjunctive 
facial cosmetic surgery. International presentations regarding nasal encoscopic diagnosis and endoscopic sinus surgery will be 
highlighted, along with the controversies in allergy evaluation and imm _aotherapy. We invite you to submit abstracts for plat- 
form or poster presentation. It is permissible to submit a videotape as platform presentation, however, the senior author must 
be present for discussion. 


David W. Bennedy, M.D., President 
VIII Internatenal Symposium on Infection and Allergy of the Nose 


FOR ADDITIONAL INFORMATION, ABSTRACT SLE MISSION, AND REGISTRATION 


Congress Secretariat ° Office of Continuing Education * “tke Johns Hopkins Medical Institutions 
Turner 22, 720 Rutland Avenue ¢ Baltimore, Marylamd 21205 U.S.A. • (301) 955-2959 


Ted A. Cook, MD 
Oregon Health Sciences University 


Gerald B. Healy, MD 
Harvard University 


For further information conta>t: The University of Illinois at Chicago ° Canferences and Institutes (m/c 607) 
Box 6998A e Chicago, Illinois 60680 * 312) 996-5225 


Because of deadlines for accommodations, please r-spond promptly. 
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PediOtic — 


Formulated to be less acidic 
to help minimize irritation. 


A more normal pH range means less 
potential for painful irritation. 
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TRACHEOTOMIES: A 10-YEAR EXPERIENCE IN 319 CHILDREN 


WILLIAM S. CRYSDALE, MLC, FRCS(C) 


ROBERT I. FELDMAN, MD 


KENSEI NAITO, MD 


TORONTO, CANADA 


A retrospective analysis was made of 319 patients having tracheotomies at the Hospital for Sick Children in Toronto between 1976 and 
1S5. In comparison to a similar study at the same institution completed 15 year: earlier, the average number of tracheotomies per year has 
declined by half, because almost no tracheotomies are now done in patients with epiglottitis and tracheitis. Tracheotomies for children 
wh CNS disorders and craniofacial anomalies are relatively more frequent. The average duration of tracheotomy is almost 1 year (339 
days). Complications occurred in 30% of patients, but tracheotomy-related mortality was less than 1%. 


KEY WORDS — tracheotomy, children. 


Tracheotomy, creation of a temporary or perma- 
nent opening into the trachea, is one of the earliest 
esablished surgical procedures, having first been 
described by Asclepiades in 100 BC for what was 
recognized subsequently as the relief of upper air- 
way obstruction.’ The first successful tracheotomy 
ir a child apparently was performed in the early 
1600s? — again for the relief of upper airway 
obstruction. In fact. if one thinks of the indications 
fcr an artificial airway? — the relief of obstruction, 
the assistance of ventilation, or the removal of se- 
cretions — the rationale for tracheotomy for almost 
21000 years was the relief of airway obstruction. It 
was only in the early 1940s,* when tracheotomy was 
advocated in patients with polio, that the concept 
of tracheotomy to facilitate respiratory support and 
palmonary toilet became appreciated. The charts of 
3.9 children having tracheotomies at the Hospital 
far Sick Children in Toronto for the 10 years prior 
tc 1986 were analyzed to determine recent trends. 
This study had particular interest, as there had been 
a similar study’ at the same institution for the years 
1863 to 1970 to which our findings could be com- 
pared. 


METHODS AND MATERIALS 


The charts of all patients having tracheotomies 
performed at the Hospital for Sick Children be- 
tween 1976 and 1985 were reviewed. All of these 
tracheotomies were performed by members of the 
Department of Otolaryngology. At the time of chart 
review the following information was tabulated: 
sex, age of patient at time of tracheotomy, primary 
d=zagnosis, indication for tracheotomy, nature of 
procedure (emergency/elective), presence and du- 
ration of preoperative endotracheal intubation, 
p2esence and method of intraoperative airway con- 
trol, duration of tracheotomy, and occurrence of 
complications and/or death. 


From the Department of Otolaryngology, The Hospital for Sick Children, Universit- of Toronto. 


RESULTS 


Du-ing the 10-year period 1976 to 1985 inclusive- 
ly, 319 patients underwent tracheotomy. During 
this period, our Department had a staff comple- 
ment of ten, augmented each year by eight different 
residents; thus many different individuals were in- 
volved in these surgical procedures. The number of 
tracheotomies performed each year was relatively 
constant during the 10-year period, with the 
number of procedures averaging between 30 and 35 
each year (Fig 1). One hundred ninety-seven pa- 
tients were boys and 122 were girls, resulting in a 
male:female ratio of 3:2. The age at time of 
tracheotomy ranged from 1 day to 19.6 years, with 
the average age being 5.3 years. 


Trecheotomy was indicated in 222 patients be- 
cause of airway obstruction (Fig 2). It should be 
clarif-ed that 75 of this group of patients had elec- 
tive tracheotomy prior to major craniofacial sur- 
gery bor the management of anticipated postopera- 
tive airway obstruction. Less commonly, tracheot- 
omy was indicated because of the need for tracheo- 
pulmonary toilet (65 patients) and continued 
assisted ventilation (32 patients). 


The primary diagnoses of patients having trache- 
otom” were divided into four groups of disorders 
(Fig 3) — infectious diseases, airway abnormalities, 
CNS dysfunction, and craniofacial anomalies. 
Children with airway abnormalities formed the 
largest group (41%) having tracheotomy, followed 
by craniofacial anomalies (27%), CNS dysfunction 
(18% , and infectious diseases (14%). Over the 
10-year period the number of patients with infec- 
tious diseases requiring tracheotomy declined. A 
comparison of age at tracheotomy and primary 
diagnosis reveals that 82% of patients with airway 
abnormalities requiring tracheotomy were less than 
2 years of age. Fifty percent of the patients with in- 
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Fig 1. Frequency of tracheotomy each year dur- 
ing period of review as related to four diagnostic 


categories. A) 1976-1980. B) 1981-1985. 
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fections having tracheotomy were less than 2 years 
of age, while 71% of patients with craniofacial 
anomalies undergoing tracheotomy were more than 
5 years of age. 


Forty-five percent (144 of 319) of patients were 
intubated prior to arrival in the operating room. 
Their average length of intubation was 28 days. 
Postoperative complications were observed in 60 of 
144 (42%) — these patients had been intubated an 
average of 37 days. In the 84 patients of this in- 
tubated group without complications, the average 
duration of preoperative intubation was 22 days. 


All the tracheotomies were performed in an oper- 
ating room, even all of the 42 tracheotomies (13%) 
that were classified as emergency as opposed to elec- 
tive. All emergency tracheotomies were indicated 
for the relief of airway obstruction. 


The airway was controlled during tracheotomy 
in 97% of the patients. In five of the ten patients 
without intraoperative airway control, the pro- 
cedure was elective prior to major craniofacial 
surgery. Of the 42 emergency tracheotomies, only 
five were done without airway control. Only one 


patient was less than 4 years of age — a 1-month- 
old with severe subglottic stenosis requiring emer- 
gency lifesaving tracheotomy. No attempt was 
made to analyze the various nuances of surgical 
technique used by all the different surgeons in- 
volved in these procedures. 

Duration of tracheotomy was determined in the 
319 patients (Table 1). The duration of tracheot- 
omy ranged from 1 to 3,373 days, with an average 
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Fig 2. Indications for tracheotomy. Thirty-one percent of 
procedures for airway obstruction were elective as part of 
management in patients undergoing craniofacial surgery. 
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Fig 3. Incidences of primary diagnoses in 319 patients. 


of 339 days. For the four main diagnostic groups, 
the average duration of tracheotomy was as follows: 
CNS abnormalities. 519 days; airway abnormali- 
ties, 500 days; craniofacial anomalies, 100 days; 
and infectious diseases, 58 days. 


Complications were tabulated as early if they oc- 
curred within 1 week of tracheotomy or late if they 
oecurred more than 1 week postoperatively (Table 
2). Thirty-seven early complications were noted in 
28 patients (9%) — the commonest early complica- 
tions were tracheotomy tube obstruction, pneu- 
mothorax, and accidental decannulation. One hun- 
dred one late complications developed in 74 pa- 
tients (23%) — the most common late complica- 
tions were stomal granuloma and tracheotomy tube 
obstruction. In total, there were 138 complications 
in 97 patients, (30% of patients). Forty-eight of 
these patients died — three of these deaths were 
tracheotomy-related, resulting in a tracheotomy- 
related mortality rate of 0.9%. 


DISCUSSION 


Admittedly, retrospective studies do have signifi- 
cant shortcomings; however, one very interesting 
facet of this review has been the opportunity to 
compare some of our findings to those of Friedberg 
and Morrison,* who completed a similar retrospec- 
tive analysis at our institution for the years 1963 to 
1970. For instance, the number of tracheotomies 
per year (31.9) in our study is less than half the 
average number per year in the earlier study (63.3). 
Probably the most important reason for the decline 
in the number of tracheotomies has been the change 
in the management of epiglottitis and tracheitis. In 
1976 (the first year of our review) there was an 
almost overnight change at the Hospital for Sick 
Children from tracheotomy to endotracheal intuba- 
tion (ETT) in the management of supraglottitis.° 
Similarly, while more children with tracheitis 
undergo airway control (by ETT) more often than 
was the case when tracheotomy was used (approx- 
imately 7% versus less than 2%), the vast majority 
do well with the excellent care provided by the in- 
tensive care specialists. This change in management 
has resulted in a tenfold reduction in the trache- 


TABLE 1. DURATION OF TRACHEOTOMY 
IN 319 PATIENTS 


Mean 

Ind&ation No. of Patients No. of Days 
CNE cisorder 56 519 
Airv a’ abnormality 132 500 

SuUb-<lottic stenosis 67 

O-her 65 
Cragicfacial anomaly 86 100 

EEctive 75 19 

Ne nelective 1] 652 
Infest on 45 58 

Tæcheitis 18 > 10 
Oveel 319 339* 


*Ræge, 1 to 3,373 days. 


otom:es for these two conditions — during the years 
196% to 1970,° 198 tracheotomies (an average of 
24.€ per year) were completed in children with 
epigicttitis and tracheitis, but during 1976 to 1985° 
only 24 children (an average of 2.4 per year) with 
the same diagnoses had tracheotomies. Similar 
trereiz have been noted by others.” 8 


Folution in management of difficult airway sit- 
uatiams in patients with craniofacial anomalies has 
had <n impact on the frequency of tracheotomy. 
For iastance, during the early 1970s craniofacial 
surgery was introduced to our institution, and cer- 
tain y the impact of that increasingly busy service 
on Ga> statistics is evident in that 75 tracheotomies 
(24 of the total) were procedures related to the 
surg cal management of craniofacial anomalies.’ 
However, during the past few years the availability 
of fEzible endoscopes has facilitated ETTs in pa- 
tien® who otherwise might have received a trache- 
otor, for intraoperative and postoperative airway 
magement (Fig 1). Similarly, the introduction of 
platmz techniques for interosseous fixation has 
elim nated the need for intermaxillary fixation, and 
tracLsotomy has been avoided in considerable 
nummers of patients. 


‘Ea3LE 2. COMPLICATIONS OF TRACHEOTOMY 


Occurrences 

Comp ations Early (<7 d) Late (>7 d) 
Tracheal granuloma 0 29 
Stoma granuloma 0 21 
Trachexomy tube obstruction 10 18 
Tracheoesophageal fistula 2 10 
Pneur e-horax 8 0 
Accidem al decannulation 8 5 
Trach -onalacia 0 7 
Stoma infection 2 7 
Subcu.zaeous emphysema 4 0 
Pneunse mediastinum 2 0 
Trach-its 0 2 
Pneunmwaia l 0 
Hemozł age 0 l 
Trachæa! erosion 0 l 
Total 37 (in 101 (in 

28 patients) 74 patients) 
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Totals (%) 
O <2 Years 82% [] 49% 
O 2-5 Years O 12% 
O > 5 Years o 39% 
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Fig 4. Age at tracheotomy as related to four diagnostic cat- 
egories. 


The fact that more males than females undergo 
tracheotomy has been noted previously. The male 
predominance is thought to reflect the increased 
susceptibility of males to congenital and acquired 
airway anomalies and diseases. '®"' 


That 82% of the children with airway abnormal- 
ities did receive their tracheotomy prior to their sec- 
ond birthday is hardly surprising (Fig 4). The air- 
way in the infant is small and easily compromised 
by significant congenital anomalies. Similarly, the 
fact that 47% of the children with inflammatory 
disease of the airway received their tracheotomy 
prior to 2 years of age reflects how easily the 
relatively narrow pediatric airway is compromised 
by inflammatory edema in the younger age group. 
On the other hand, the average age of the group of 
children with craniofacial anomalies undergoing 
tracheotomy was the highest; 71% were over 5 
years of age at the time of tracheotomy. This age at 
the time of tracheotomy is by and large determined 
by the craniofacial surgeon’s preference regarding 
age for corrective surgery. In the majority of in- 
stances, the craniofacial surgeon prefers to do cor- 
rective surgery in patients over 5 years of age. 


Endotracheal intubation is very often an antece- 
dent step in the airway management of patients 
proceeding to tracheotomy, as was the case in 45 % 
of our patients. Preoperative ETT was used in pa- 
tients from all four diagnostic groups, but most 
commonly in those patients with airway abnormali- 
ties (18%) and least commonly in those with cranio- 
facial anomalies (4%). 


The implications regarding ongoing care are 
quite significant when one appreciates the duration 
of cannulation — the average duration of cannula- 
tion for all patients was approximately just 1 month 
short of 1 year (339 days). The cost of the care re- 
quired by these patients, whether provided by the 
health care system or by parents, is staggering. The 
patients designated as having CNS abnormalities, 
with an average duration of cannulation of 519 
days, very often were patients who had experienced 
devastating neurologic insults; these patients had 


been intubated for prolonged periods, had demon- 
strated little clinical improvement, had guarded ex- 
pectations for improvement, and usually under- 
went tracheotomy for either continued ventilation 
and/or control of secretions. The children with air- 
way abnormalities were usually healthier children 
with disease localized to the airway. Just slightly 
more than half of these children were patients with 
subglottic stenosis (67 of 132). Of these 67 patients, 
11 had died and 24 still had their tracheotomy at 
the time of review. The average duration of can- 
nulation of those who survived to decannulation 
was 1,026 days. In the earlier review by Friedberg 
and Morrison*® the average duration of cannulation 
in a group of 21 patients with subglottic stenosis was 
420 days. While the impression is that patients with 
subglottic stenosis have more medical problems 
than was the case 20 years ago, it is indeed frus- 
trating that we are not dealing more adequately 
with this disorder. The children with craniofacial 
anomalies who had tracheotomies represented two 
groups of patients. First there were the 75 children 
who were tracheotomized as part of the surgical 
management at that time; these patients were can- 
nulated for an average of 19 days. Then there were 
another 11 children who required surgery for man- 
agement of airway distress associated with their 
craniofacial abnormality; these children were can- 
nulated an average of 652 days. Finally, the fourth 
group are those 45 children in the infectious group 
who were cannulated for the shortest period — 58 
days. Eighteen of those children were youngsters 
who had experienced tracheitis and only two of 
those were intubated — each for just 1 day; these 
children were cannulated an average of 10 days. 


Thirty-seven early complications were recorded 
in 28 patients (9%; Table 2). Although the use of 
humidification and constant nursing care are rou- 
tine, tracheotomy tube obstruction was the most 
common early complication (ten patients), al- 
though fortunately none of the episodes was asso- 
ciated with any significant long-term sequelae. Ear- 
ly accidental decannulation did occur on eight oc- 
casions and was associated with one death. A 
number of measures are used to minimize this life- 
threatening complication. For instance, in the pa- 
tients with craniosynostosis (ie, Apert-Crouzon 
disease) the tracheal landmarks are frequently in- 
distinct; the operating room lights are dimmed after 
the bronchoscope is introduced and the transmitted 
light is used to mark on the skin the level of the glot- 
tis. A chart is available in the operating room for 
choosing the age-appropriate size (especially 
length) of tracheotomy tube; we strongly advocate 
not using any tracheotomy tube shorter than 33 
mm. Most of us like to suture the trachea to the skin 
in some fashion (my [W.S.C.] personal preference is 
to suture an inferiorly based flap of anterior trachea 
to the inferior aspect of the skin incision), then to 
suture the tracheotomy tube flange to the skin, and 
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of course to tie the tracheotomy tapes with the neck 
slightly flexed. Air tracking (pneumothorax, subcu- 
taneous emphysema, pneumomediastinum) was the 
commonest early complication if considered as a 
group; these complications are minimized if one 
achieves control of the airway prior to tracheotomy, 
minimizes dissection away from the trachea during 
surgery, inserts the cannula atraumatically, avoids 
early accidental decannulation, and avoids tight 
closure of the tracheotomy incision. Generally 
speaking, early complications occur more often in 
the pediatric population,'?'* because of the higher 
incidence of air tracking problems and accidental 
decannulations. 


Late complications were relatively common, 
with 101 recorded in 74 patients (23%; Table 2). 
Formation of granulomata, either at the superior 
aspect of the stoma within the trachea, or elsewhere 
in the trachea (at areas traumatized by the trache- 
otomy tube or suction catheters), are the common- 
est complications observed, and perhaps they are so 
common they should not even be considered a com- 
plication of surgery.'? Certainly the presence of a 
large stomal granuloma must be dealt with prior to 
decannulation. We recommend evaluative endos- 
copy in the child being considered for decannula- 
tion if the cannula has been in place more than 3 
months. If the stomal granuloma significantly com- 
promises the airway, it should be resected electively 
with the airway under bronchoscopic control so 
that decannulation then can be achieved quickly 
and relatively safely. Tracheotomy tube obstruction 
did occur as a late complication, and again the use 


of constant adequate humidification cannot be 
oveemphasized. Accidental decannulation was re- 
cored less often as a late complication and certain- 
ly s less threatening at this stage as the trache- 
ocvutaneous tract is well established. The formation 
of racheoesophageal fistulae occurred in children 
dying of other causes and was not a significant fac- 
tor -n their deaths. 


f though 48 of the 319 patients did die, only 
three (less than 1%) of these deaths appeared to be 
tracheotomy-related. One child, a 5-month-old boy 
wit1 subglottic stenosis, died after accidental 
decannulation occurred 6 days following tracheot- 
om>. As stated earlier, specific measures are ad- 
vocated to try to minimize this life-threatening 
com plication. The second death was in a 14-month- 
old boy with tracheal stenosis who was found to 
hav> significant tracheal granulomata interfering 
witL tracheotomy tube function 6 months postoper- 
atively. Endoscopic removal of the granulomata 
was attempted, hemorrhage occurred, the airway 
was obstructed, and the child died. Tracheal gran- 
ulorzata are best managed if the source of irritation 
(lonz tracheotomy tube, excessive tracheal suction- 
ing, etc) can be eliminated, as endoscopic removal 
is bcth difficult and dangerous. The third death in- 
volved a 41-day-old boy with severe retrognathia in 
when innominate artery rupture occurred 35 days 
afte: tracheotomy. This almost always fatal com- 
plication, fortunately rare in children, is minimized 
by tae insertion of the tracheotomy tube at the ap- 
propriate level and the use of a cannula with the ap- 
propetate curvature. 
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CORRECTION OF SEGMENTAL TRACHEAL STENOSIS IN CHILDREN 
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Segmental tracheal stenosis in children may be either acquired or congenital in nature. Acquired injuries usually involve a previous 
tracheostomy site or an area just superior to the carina. Congenital stenosis may occur in any location and often is associated with 
pulmonary agenesis. Surgical correction may be undertaken relatively safely in children of any age by segmental resection. We report three 
patients ranging in age from 4 weeks to 3 years who were corrected successfully. The use of cardiopulmonary bypass may be indicated, 


especially in young infants, to facilitate resection. 


KEY WORDS — children, segmental tracheal stenosis, tracheostomy. 


Segmental tracheal stenosis in the pediatric popu- 
lation is a rare but challenging problem that may be 
congenital or acquired in nature. The congenital 
form usually involves the distal trachea and is often 
associated with pulmonary agenesis. Surgical inter- 
vention must be considered seriously when the lu- 
minal diameter is 2 mm or less at the point of steno- 
sis. 


Acquired injuries of the upper airway in children 
usually involve the subglottic larynx while sparing 
the trachea. On rare occasions, however, injuries to 
the trachea may occur either at a tracheostomy site 
or more proximally just above the carina.’ In the 
latter case, the causative factor is often irritation 
from the tip of an endotracheal or tracheostomy 
tube. In these cases decannulation often is not feasi- 
ble unless interventional therapy is undertaken. 


Although the treatment of this problem in adults 
has been well documented and discussed in the lit- 
erature, little has been written about the feasibility 
of correcting these lesions in the pediatric popu- 
lation.” We have successfully managed three such 
patients ranging in age from 4 weeks to 3 years. 


CASE REPORTS 


Case 1. A 4-week-old male infant weighing 2.6 kg 
was admitted to The Children’s Hospital, Boston, 
because of increasing respiratory distress manifested 
by biphasic stridor, wheezing, and severe subster- 
nal retractions. Intermittent respiratory distress 
had been present since birth. He was born at 35 
weeks’ gestation by emergency cesarean section for 
fetal tachycardia. Apgar scores were 4 and 6 and 
birth weight was 2.7 kg. Previously he had been 
diagnosed as having hyaline membrane disease and 
bronchopulmonary dysplasia because of character- 
istic chest radiographic changes and sustained hy- 


percarbia in the middle 50s with a normal pH. This 
required intubation almost immediately after birth. 
He was extubated at 2 weeks of age. 


After admission the child became progressively 
worse and was quite cyanotic when agitated. A 
two-dimensional echocardiogram showed no vascu- 
lar ring or sling. Direct laryngoscopy, bronchos- 
copy, and fluoroscopy of the airway revealed 
marked circumferential narrowing of the trachea 
just above the carina. A 2.5-mm_bronchoscope 
could not be passed through the stenotic area, and 
since the patient could be ventilated via mask it was 
elected not to attempt to force the bronchoscope 
through the narrowed area for fear of inducing 
swelling and complete obstruction. 


On the third day following bronchoscopy, the in- 
fant required increasingly higher inspired oxygen 
concentrations to maintain 90% arterial oxygen 
saturations. He had episodes of hypoxia unrespon- 
sive to breathing 100% oxygen, and increasing 
hypercarbia, in the 80- to 140-mm Hg range, as 
measured by transcutaneous carbon dioxide moni- 
toring and capillary blood gas measurement. His 
chest radiograph showed diffuse atelectasis. Be- 
cause the infant was clinically deteriorating, with 
worsening hypercarbia and hypoxia, he was taken 
to the operating room for emergency tracheal re- 
construction. 


In the operating room, anesthesia was induced 
with halothane and oxygen via mask. After 10 min- 
utes of spontaneous ventilation, controlled ventila- 
tion by mask was initiated. Partial airway obstruc- 
tion persisted but oxygen saturation was maintained 
between 92% and 96%, and vital signs were stable. 
Placement of an arterial line was deferred because 
of the emergency nature of the operation. The tra- 
chea was not intubated because attempted ventila- 
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tion with a rigid bronchoscope had been difficult 3 
days earlier, and the use of an endotracheal tube 
might cause edema with resultant total occlusion of 
the airway at the stenotic segment. The chest was 
opened by median sternotomy incision and cardio- 
pumonary bypass was initiated. The esophageal 
temperature was maintained at 30°C during by- 
pass. Most of the lower third of the trachea was re- 
sected. The smallest diameter of the tracheal lumen 
measured 1 mm, while most of the stenotic segment 
measured less than 2 mm. Direct end-to-end trache- 
al anastomosis with 6-0 Ethicon continuous sutures 
wes carried out and the trachea was intubated with 
a &.0-mm orotracheal tube with the tip just above 
the anastomosis. There was no air leak at the anas- 
tomosis site with ventilation pressures up to 40 cm 
H2) and no tension on the anastomosis with the 
head in a neutral position. The patient was re- 
warmed and bypass was discontinued uneventfully. 
Right atrial blood gas evaluations performed 15 and 
45 minutes postbypass showed PcCo2 values of 26 
and 38 mm Hg, and ventilation was maintained 
with peak inspiratory pressure of 20 to 24 cm H20 
and no positive end-expiratory pressure. The child 
was ventilated overnight, and he was extubated on 


(Case 2) A) Severe tracheal stenosis just above tracheostoma. B) Resected 
area of stenosis with endotracheal tube in place before anastomosis. C) Post- 
operative view of anastomosis site (shelf). 


posteperative day 1. He maintained a good airway, 
was weaned from supplemental oxygen, and was 
placed in an orthopedic neck brace in flexion to pre- 
vent tension on the anastomosis. He was subse- 
quenthy discharged at a weight of 3.5 kg, 19 days 
after tracheal reconstruction, with no ventilatory 
diffieulty. Histologic examination of the tracheal 
specknen showed a normal external diameter with 
cresceat-shaped cartilaginous rings, but the submu- 
cosa was thickened and fibrotic, with evidence of 
destruction of mucous glands. 


At 7 months of age the child weighed 9.5 kg and 
was wequiring aminophylline for mild broncho- 
pulnzonary dysplasia. A follow-up bronchoscopy at 
that ‘ime showed a short segment of asymptomatic 


narrowing at the anastomosis site of approximately 
15%. 


Case 2. A 7-month-old boy with a severe upper 
respiratory tract infection underwent an emergency 
endoseopy for respiratory distress. He was noted to 
have a markedly narrowed tracheal lumen, and 
emergency tracheotomy was performed. It was un- 
certain whether the patient actually had an under- 
lying eongenital tracheal stenosis aggravated by an 
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acute infection or severe tracheitis. Multiple subse- 
quent endoscopies revealed persistent stenosis in the 
midtracheal area. 


At age 2 the child was transferred to The Chil- 
dren’s Hospital, Boston, for definitive treatment 
and underwent diagnostic bronchoscopy. Complete 
obliteration of the tracheal lumen was noted, which 
extended from the second to approximately the fifth 
tracheal ring (see Figure, A). The tracheostomy 
site, just beyond the point of stenosis, demonstrated 
a large amount of granulation tissue and tracheo- 
malacia. Because of these findings, a definitive tra- 
cheal resection was undertaken. 


Following induction of general anesthesia, an el- 
liptical incision was created in the anterior neck to 
include the tracheostoma. Dissection was carried 
out superiorly to the hyoid and inferiorly to the 
level of the suprasternal notch. The larynx and 
trachea were exposed from the level of the hyoid 
bone to the thoracic inlet. At this point it was deter- 
mined that the entire trachea could not be mobil- 
ized safely because of the close approximation of the 
innominate artery and vein to the lower end of the 
stenosis. A median sternotomy was then performed 
to expose the entire length of the trachea and pro- 
tect the innominate vessels. A suprahyoid laryngeal 
release was undertaken and the entire trachea was 
mobilized. During this time the patient was being 
ventilated through the tracheostomy site with a 
cuffed endotracheal tube. 


After careful examination of the stenotic area of 
trachea, it was decided to resect approximately 3 
cm. The diseased portion of the trachea was re- 
sected and a cuffed endotracheal tube secured in 
the proximal cut end for maintenance of anesthesia 
(see Figure, B). This tube was removed, a previous- 
ly placed nasotracheal tube was passed from the dis- 
tal to the proximal segment, and anastomosis of the 
trachea was begun with 4-0 Vicryl interrupted su- 
tures. 


The patient was extubated approximately 4 hours 
postoperatively, but his condition gradually deter- 
iorated over the next 24 hours and he required rein- 
tubation. A nasotracheal tube was left in place for 5 
days, at the end of which time the patient was ex- 
tubated successfully. 


Approximately 2 months postoperatively the pa- 
tient began to experience some biphasic stridor and 
mild respiratory distress on exertion. He was re- 
turned to The Children’s Hospital, Boston, where 
granulation tissue was noted at the site of tracheal 
anastomosis. This was removed with the CO2 laser, 
and his trachea was dilated sufficiently to accept a 
5-mm bronchoscope (see Figure, C). The patient is 
now 6 years of age and is asymptomatic. 


Case 3. A 2*/,-year-old boy entered The Chil- 
dren’s Hospital, Boston, for evaluation of severe 


tracheal stenosis. Apparently, the child originally 
had developed acquired subglottic stenosis after 
prolonged intubation. The child had been intu- 
bated for approximately 2 weeks, but the reason for 
the intubation was never clear. This condition 
necessitated the placement of a tracheostomy. The 
patient then underwent several laser procedures at 
another hospital to excise the acquired subglottic 
stenosis. Subsequently he also developed severe 
tracheomalacia at his tracheostoma, as well as a 
secondary tracheal stenosis extending from the sec- 
ond to the fourth tracheal ring. Laser excision of his 
subglottic stenosis resulted in a very adequate 
subglottic space. He was transferred to The Chil- 
dren’s Hospital, Boston, for definitive treatment of 
his tracheal stenosis. 


Direct laryngoscopy and bronchoscopy were per- 
formed and revealed a slight amount of scarring in 
the immediate subglottic space, but the subglottic 
airway was very adequate. At approximately the 
first tracheal ring, the anterior tracheal wall ap- 
peared to be scarred and depressed and firmly ad- 
herent to the posterior tracheal wall. This extended 
to the tracheostomy site, which was approximately 
at the fourth tracheal ring. Distal to this, approx- 
imately two more tracheal rings were noted to have 
tracheomalacia. In light of these findings, it was 
elected to resect this length of trachea and perform 
an end-to-end anastomosis. 


After anesthesia was induced through the trache- 
ostomy site, an elliptical incision was made in the 
anterior neck incorporating the tracheostoma. The 
larynx and trachea were exposed from the level of 
the hyoid bone to the suprasternal notch. A 
suprahyoid laryngeal release was undertaken and 
the trachea was mobilized to the level of the 
suprasternal notch. It was felt that the area of 
stenosis could be resected relatively safely without a 
median sternotomy. The diseased area of trachea 
(five rings) was resected, with a deficit of approx- 
imately 2.75 cm. The previously placed endotrache- 
al tube then was moved from the proximal to the 
distal segment of the trachea and anastomosis was 
undertaken with interrupted 4-0 Vicryl sutures. 


Postoperatively, the patient was extubated and 
did well for approximately 48 hours, until he began 
to have retractions and moderate respiratory dis- 
tress. Nasotracheal intubation was undertaken in 
the operating room, and this tube was left in place 
for 4 days. Upon extubation, the patient did well, 
with adequate maintenance of oxygen saturation 
levels. He was discharged on the 16th postoperative 
day. Two years postoperatively he is doing well. 


DISCUSSION 


All of these cases of stenosis appear to be acquired 
in nature. However, case 1 may well have repre- 
sented congenital tracheal narrowing that was 
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made worse by intubation when respiratory distress 
occurred during the first few weeks of life. These 
cases demonstrate, however, that whether the le- 
sion is acquired or congenital in nature, successful 
tracheal surgery can be performed in the pediatric 
population. We agree with Benca et al’ that infants 
who require tracheal resection may be managed by 
cardiopulmonary bypass during surgical correction. 
Older children almost always can be ventilated suc- 
cessfully by intubation, first through the tracheos- 
tomy site and then from above while the repair is 
being completed. 


Lesions of the cervical trachea may be approached 
through the anterior neck. Tracheal mobility is 
enhanced by both suprahyoid laryngeal release and 
mobilization of the cervical trachea. Care must be 
taken during this dissection to protect recurrent 
laryngeal nerves. In cases in which the stenosis in- 
volves the thoracic trachea, a median sternotomy 
usually is undertaken to obtain adequate visualiza- 
tion of the stenotic area, to mobilize the trachea 
adequately, and to protect the great vessels that are 
usually in close proximity to the stenosis. Between 
three and five tracheal rings can be resected in 
children without the benefit of a laryngeal release. 
In more lengthy strictures, both a laryngeal release 
and a hilar mobilization may be necessary. 


Once the stenotic area has been resected, an end- 
to-end anastomosis is undertaken with either Ethi- 
con or Vicryl sutures. The sutures are placed 
through and through mucosa. The posterior portion 
of the trachea is anastomosed first, with all knots 
being placed extraluminally. The anterior wall then 
is closed. The wound must be drained with a device 
such as a Hemovac system to guard against both 
blood collection and air leak. If the wound is closed 
tightly without drainage, air leak may result in 
severe subcutaneous emphysema, pneumomediasti- 
num, and even pneumothorax. Drains must be left 
in place until there has been no air leak or drainage 
for a 24-hour period. This usually requires that 
drains be placed to low-pressure wall suction. 


A posterior cervical brace is helpful in preventing 
hyperextension of the neck during the first 5 days 
following surgery. It is usually not necessary to use 
maximum flexion of the neck in pediatric patients, 
since the trachea is quite pliable and readily mo- 


bilized. 


Ideally, endotracheal intubation should be 
avoided postoperatively, and this indeed is fre- 
quently feasible in adolescents and adults. How- 
ever, we found in two of our patients that it was not 


feas. dle to maintain adequate ventilation postoper- 
ativaly without the use of endotracheal intubation 
durmg the first few postoperative days. This prob- 
abl, is explained by the fact that tracheal cartilage 
is much more flexible in early life and therefore 
traereal collapse at the anastomotic site is more 
likeby to occur in infants and small children. We 
recammend nasotracheal intubation (coupled with 
sedation) in these patients. The use of postoperative 
ventilators should be discouraged; the resulting to- 
anc-fro motion of the endotracheal tube when at- 
tached to a mechanical ventilator may be harmful 
to ‘xe anastomosis. It is therefore important to 
avoid any degree of sedation that will cause respira- 
tory depression. The patients should be placed in 
hurmsidified atmosphere and allowed to breathe 
spontaneously through the nasotracheal tube. 


A small flexible bronchoscope may be placed 
thro 2gh the nasotracheal tube at the time of extuba- 
tion so that the tube may be withdrawn slowly and 
the anastomosis site visualized to rule out granula- 
tion -issue or severe collapse.* The patient should be 
mild y sedated for this procedure. If granulation 
tissue is indeed present, it must be removed imme- 
diately by endoscopic means. If collapse continues 
to be present, the endotracheal tube is replaced and 
an attempt to extubate may be undertaken again in 
apprzximately 48 hours. 


T-e diagnosis of tracheal stenosis in children is 
mace with the use of endoscopic and radiographic 
techm ques. Direct visualization of the trachea ap- 
pears to give the best information. Fluoroscopy, as 
well as anteroposterior and lateral soft tissue radio- 
graphs of the neck and trachea, seems to be most 
value dle in the pediatric population. The use of 
comruted tomography has not been rewarding and 
in faet may be misleading. The magnetic resonance 
imag ng scan has not been used in sufficient num- 
bers of patients to allow accurate comment on its ef- 
ficacy. Polytomography seems to be an extremely 
usefw tool in delineating both the length and loca- 
tion əf the tracheal narrowing and should be used 
wher available. It may also be useful in following 
the patient should symptoms recur. 


A *hough segmental tracheal stenosis is a rare le- 
sion in the pediatric population, it may now be 
mareged relatively safely, even in very small in- 
fants In selected patients cardiopulmonary bypass 
may ^e an expedient method to oxygenate infants 
whi corrective surgery is undertaken. It is not ne- 
cessary to delay surgical correction of this trouble- 
some lesion in children, as segmental resection may 
be cessidered at any age. 
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ANATOMIC FINDINGS AND MANAGEMENT OF CHOANAL 
ATRESIA AND THE CHARGE ASSOCIATION 
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The CHARGE association is a collection of multisystem congenital anomalies including choanal atresia. A review of the literature 
failed to identify any specific findings that suggested the need to alter the management of choanal atresia in these patients. Our review of 
24 patients with choanal atresia managed between 1974 and 1986 identified nine patients with the CHARGE criteria. These nine patients 
demonstrated a higher prevalence of surgical failures than the patients without the CHARGE association. The reasons are discussed, and 
computed tomographic scans demonstrate the anatomic findings of a more contracted nasopharynx and narrowed posterior choanal 
region. Thus, successful repairs require a more radical resection of the posterior nasal septum and lateral bony walls that can be achieved 
only with a transpalatal approach. The preoperative airways of CHARGE association patients are also at increased risk of obstruction and 
may require intubation or tracheotomy during the early life of the patient. 


KEY WORDS — CHARGE association, congenital choanal atresia. 


INTRODUCTION 


Several clinical series report that associated 
anomalies and midline craniofacial disorders occur 
in 10% to 50% of patients with congenital choanal 
atresia.'-? Hall* and Pagon et alë have established 
the coexistence of choanal atresia and a collection of 
congenital malformations called the CHARGE as- 
sociation. The term CHARGE association is an ac- 
ronym (C, coloboma of the eye; H, heart disease; A, 
atresia of the choanae; R, retarded growth, devel- 
opment, and/or CNS anomalies; G, genital hypo- 
plasia; and E, ear anomalies and/or deafness) used 
to describe a nonrandom collection of multisystem 
malformations of which choanal atresia, common- 
ly in the bilateral form, is a component.” The 
CHARGE association combines choanal atresia 
with an already anomalous skull base and other 
facial defects. 


Computed tomography can provide information 
about skull base anatomy and atresia plates to assist 
the surgeon in selecting the appropriate approach. 
Several authors have described the superiority of 
high-resolution CT as a rapid noninvasive imaging 
modality that can delineate accurately the composi- 
tion, thickness, shape, and position of the atretic 
plate in the choana.*’? A bony atretic plate may 
vary from 1 to 12 mm, and depending on the bony 
changes of the medial pterygoid lamina and vomer, 
the posterior choana may be markedly different 
from patient to patient.” Although there have been 
case reports of CT findings in patients with choanal 
atresia as a component of the CHARGE association, 


to date no specific findings have been identified in 
these patients to suggest the need to alter the sur- 
gical management of the choanal atresia.” '? 


We reviewed a series of 24 patients with choanal 
atresia including nine who fit the criteria of the 
CHARGE association. There was a higher in- 
cidence of atresia repair failures in the CHARGE 
association patients. Retrospective review of their 
CT scans showed a more contracted nasopharynx 
and narrower posterior choanal region than is usual 
in the isolated choanal atresia patient. 


We intend to illustrate how the skull base CT 
scans in patients with choanal atresia and the 
CHARGE association markedly differ from those in 
patients with choanal atresia without the CHARGE 
association. We discuss the anatomic findings and 
guidelines regarding initial airway management 
and recommended surgical repair in CHARGE as- 
sociation patients. 


PATIENTS AND METHODS 


The charts, operative reports, and CT scans of six 
male and three female pediatric patients known to 
have the CHARGE association were reviewed. The 
patients were included in a series of 24 patients with 
congenital choanal atresia managed between 1974 
and 1986. 


All of the CHARGE association patients had sur- 
gery within the first 4 weeks of life. The surgical ap- 
proach was either transnasal or transpalatal, with 
use of the carbon dioxide laser in one transnasal 
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TABLE 1. CHARGE ASSOCIATION CASES 


Case M/F CHARGE Description 
l F + + + + PDA, bilateral atresia, retar- 
dation, hearing loss 
2 M + + + + + PDA, bilateral atresia, retar- 


dation/seizures, undescended 
testes, hearing loss 


3 M + + + + PDA, bilateral atresia, hy- 
drocephalus, deformed auri- 
cle/hearing loss, (cleft lip, 
malrotated gut) 


4 F + + + + PDA, bilateral atresia, mi- 
croencephaly, low-set pin- 
na/middle ear cleft, hearing 
loss 


5 M + + + + + Retinal coloboma, tetralogy 
of Fallot, bilateral atresia, 
retardation, hearing loss 


5 M + + + + Bilateral atresia, hemipare- 
sis, seventh nerve palsy, hy- 
pospadias, hearing loss 

7 F + + + + Atrial septal defect, bilateral 


atresia, retardation, hearing 
loss, (facial asymmetry, thy- 
mus atrophy) 


3 M + + + + +  Coloboma, PDA, bilateral 
atresia, undescended testes, 
hearing loss 


3 M + + + + + +  Coloboma, coarctation aor- 
ta, bilateral atresia, retarda- 
tion, undescended testes, 
hearing loss, (facial asymme- 
try) 

PDA — patent ductus arteriosus. 


case. The senior author (A.S.H.) was the primary 
surgeon in seven cases and performed revision 
surgery in two referred cases after primary surgery 
failed. The type of atretic anomaly was determined 
radiographically or at the time of surgical repair. 
The clinical results of each surgical procedure with 
respect to nasal airway patency were recorded and 
the skull base CT scans were reviewed. A surgical 
failure was defined as a stenotic nasal airway with 
cl nical signs of nasal obstruction. The findings in 
the CHARGE association patients were compared 
to those in choanal atresia patients without the 
CHARGE association who underwent surgical re- 
pair during the same time period. Follow-up evalu- 
ation ranged from 2 to 10 years with a mean of 7 
years. 


Special attention was given to the CT differences 
in the skull base anatomy seen in the CHARGE as- 
sociation patients, many of whom failed surgical re- 
pair. These CT scans were compared to those of the 
congenital choanal atresia patients without the 
CHARGE association. 


RESULTS 


The review of 24 patients with congenital 
choanal atresia identified nine patients who pre- 
seated with malformations in at least four of the six 
categories included in the CHARGE association 
(Table 1). Four of the nine patients had additional 


TABLE 2. SUMMARY OF SURGERY FOR 
BILATERAL BONY ATRESIA 


Surgical Age at 
Case Approach Operation Results 

] Transnasal 2 wk Stenosis 
Transpalatal 4 yr Patency 

2 Transnasal 10 d Stenosis 
Transpalatal 4 yr Unilateral patency 

3 Transnasal* 3 wk Stenosis 
Transpalatal 3 yr Stenosis 

4 Transnasalf l wk Stenosis 

5 Transnasal 2 wk Stenosis 
Transnasal 2 mo Stenosis 
Transnasal 10 mo Unilateral patency 

6 Transpalatal 4 wk Patency 

7 Transpalatal 5 wk Patency 

8 Transnasal 2 wk Stenosis 
Transpalatal l yr Unilateral patency 

9 Transnasalt 4 wk Stenosis 


“O02 laser resection. 
tScneduled for revision transpalatal repair. 


maEcrmations including cleft lip, malrotated gut, 
facial asymmetry, and thymus atrophy. 


Bilateral bony atresia was seen in all nine pa- 
tients, with the most frequent associated malforma- 
tions being cardiac defects, hearing loss, and men- 
tal retardation. Seven of the patients underwent 
primery surgical repair by the transnasal approach. 
This was performed at a mean age of 2 weeks. The 
other two patients (cases 6 and 7) underwent trans- 
paletal repair at 4 and 5 weeks respectively. 


Table 2 shows that in seven of the nine patients 
inita surgical repair was unsuccessful and nasal 
stenpris resulted. The surgical procedure in all of 
the repair failures was the transnasal approach. The 
tramsmasal technique included standard use of the 
operating microscope with otologic microsurgical 
instrumentation. Every attempt was made to pre- 
serve nasal mucosal flaps, and Silastic tubes were 
usec for stenting. Postoperative antibiotics and 
shont 2ourses of steroids, when applicable, were giv- 
en. 


Four of the seven patients who had transnasal 
surgical failures (cases 1, 2, 3, and 8) underwent 
surgical revision by the transpalatal approach at a 
mean age of 3 years. Three of the four transpalatal 
revisions (cases 1, 2, and 8) resulted in patent nasal 
airways (two unilateral and one bilaterally patent). 
The cther patient who had a transpalatal revision 
(case 3), the only patient in whom a previous trans- 
nasal CO2 laser resection was attempted, has a per- 
sisten- nasal stenosis. 


Of the three remaining transnasal failures (cases 
4,5. and 9), cases 4 and 9 are awaiting transpaiatal 
revision. The case 5 patient has undergone two 
tramsrasal revisions and has a unilateral patency. 
To cate he is not a candidate for the transpalatal re- 
vision because of an extremely narrow high-arched 
palate. 
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TABLE 3. RESULTS OF REPAIR BASED ON SURGICAL APPROACH WITH OR WITHOUT CHARGE ASSOCIATION 


No. of Involvement 


Pts Bilateral 


Transnasal 


With CHARGE association 


~J 
l 


Without CHARGE association 5 2 
Transpalatal 

With CHARGE association 6 6 

Without CHARGE association ll 4 


Unilateral 


Atresia Plate Revision 
Bony Membranous Restenosis Required 
0 fi 0 7 7 
3 4 l l ] 
0 6 0 ] l 
7 10 l 0 0 








Cases 6 and 7, initially treated by the trans- 
palatal technique, are patent bilaterally. 


Table 3 shows a comparison of transnasal and 
transpalatal surgical results performed during the 
same time period on choanal atresia patients with- 
out the CHARGE association. The majority of these 
patients had unilateral bony atresia plates. Only 
one of the five patients who underwent transnasal 
repair required a revision for nasal stenosis. None of 
the 11 patients without the CHARGE association 
who had transpalatal repair required revision. 


In an attempt to explain the high incidence of 
surgical failures in CHARGE association patients, 
we reviewed the available CT scans of our surgical 
cases. They consistently showed a contracted naso- 
pharynx and anomalous skull base. These findings 
are illustrated in Figs 1 and 2. 


DISCUSSION 


Today otorhinolaryngologists know more about 
the diagnosis and management of congenital cho- 
anal atresia than ever before. Since the anomaly’s 
first description in 1755 by Johann Roederer," pro- 
gress in the areas of embryology, CT, and surgical 


technique have facilitated the approach to this un- 
common abnormality. Despite these advances, the 
occasional coexistence of other congenital malfor- 
mations in association with choanal atresia creates a 
challenging medical and surgical problem. 


In our series of 24 patients with congenital cho- 
anal atresia, nine fit the criteria of the CHARGE 
association. An analysis of the surgical results in 
these patients showed that when the transnasal 
repair was used as the initial surgical approach, all 
of the patients required revision surgery because of 
an unacceptable degree of nasal stenosis. In all cases 
the revision surgery followed nasal dilatations or 
stenting, which were done in an attempt to preserve 
the constructed nasal airway. In contrast, the 
transnasal approach was a successful procedure 


when done in four of five choanal atresia patients 
without the CHARGE association. 


The poor transnasal surgical results and second- 
ary stenoses in the CHARGE association patients in- 
dicate the needs and benefits of the transpalatal ap- 
proach for revision repair. To date, four patients 
have undergone transpalatal revision and only one 
remains stenotic. This patient (case 3) previously 





Fig 1. Preoperative CT scans of choanal atresia in patients without CHARGE association. A) Right unilateral mixed choanal atre- 
sia. B) Right unilateral bony choanal atresia. 


Coniglio et al, Choanal Atresia & CHARGE Association 451 





Fig 2. Computed tomographic scans of choanal atresia in CHARGE associatien patients demonstrating contracted nasopharynx and 
narrowed posterior choanal region. A) (Case 9) Postoperative scan showing nasal stenosis following transnasal repair. B) (Case 5) 
Postoperative scan following three transnasal repairs. C,D) Scans of newborn CHARGE association patient. C) Bilateral bony 
atresia on axial view. D) Vertical narrowing of nasopharynx on lateral scout view. 


had transnasal repair by use of the CO2 laser. At the 
time of the revision the patient presented with a 
restenosis and extensive scar formation. The scar- 
ring is indicative of the inability of the CO2 laser to 
treat thick bony atresias adequately. Our two 
CHARGE association patients who underwent ini- 
tial transpalatal repair (cases 6 and 7) continue to 
de well without stenosis. The same results also per- 
tained to the 11 repairs done initially by the trans- 
palatal approach on patients without the CHARGE 
association who mainly had thick unilateral bony 


atresias. 


The decision of whether to use the transpalatal, 
transmasal, or transseptal approach in choanal 
atresia surgery is controversial. The method used 
depends on a number of factors: the patient’s age, 
the number of passages involved, ie, unilateral or 
bilateral atresia, and whether the atresia plate is 
bony or membranous. In addition, of significant 
importance is the CT scan of the skull base abnor- 
malities. A CT scan showing a membranous or thin 
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bony atresia may be managed by the transnasal or 
transseptal approach; however, a thick bony atre- 
sia, especially if bilateral, usually requires the 
transpalatal approach. All of our CHARGE associa- 
tion patients had bilateral bony atresia, and usually 
one of the nasal passages is narrower than the other 
because of a septal deviation. The chamber with the 
reduced dimension is more prone to failure from 
stenosis with any of the transnasal procedures. '? 
The CT scans of the CHARGE association patients 
not only confirmed these findings but also revealed 
a grossly contracted nasopharynx in a lateral and/or 
vertical dimension, plus an abnormally prominent 
bony medial pterygoid lamina and thickened vomer 
and posterior septum. The transpalatal approach 
clearly provided the best visualization of these 
anomalous skull base features and in retrospect 
should have been the initial surgical approach in 
treating all of our nine patients. Considering 
choanal atresia is a skull base anomaly at times 
associated with the midline craniofacial defects seen 
in the CHARGE association, we recommend that 
the surgeon be alerted to this aberrant choanal 
anatomy. A careful review of the CT scans will 
identify the anomalous skull base and thus a correct 
surgical plan and approach can be developed. 


In the infant with the CHARGE association, the 
multisystem involvement often creates enough fa- 
cial structure anomalies that a generalized airway 
obstruction exists. This is secondary to the very con- 
tracted nasopharynx, poor tongue and pharyngeal 
muscle control, and choanal atresia that when re- 
paired in early life usually is only partially cor- 
rected or undergoes restenosis. Because of this, a 
high percentage of these children require intuba- 
tion. Patients recently treated by the authors have 
been managed by tracheotomy for a year or more to 
allow for growth without airway or feeding dif- 
ficulties. Once their size and condition permit, a 
transpalatal resection of the atresia is carried out. 
At that time the entire vomer, most of the perpen- 
dicular plate of the ethmoid, and the bony promi- 
nence of the lateral wall is drilled off to create a 
large opening. These efforts offer the best possibility 
of maintaining an adequate posterior choana with 
only one surgical procedure in the contracted nose 
and nasopharynx present in this select group. 


There are disadvantages to the transpalatal ap- 
proach; however, the benefits exceed the potential 
risks in patients with the CHARGE association. The 
use of silk palatal sutures and postoperative an- 
tibiotics essentially has eliminated the risk of palate 
fistulization. Freng’s'* description of the postopera- 
tive development of a crossbite has been attributed 
to the resection of the midpalatal suture line before 
the growth spurt, causing a narrowed maxillary 
dental arch. This orthodontically correctable prob- 
lem also may exist as a result of the development of 
the palatal processes during the formation of this 
skull base anomaly. The transpalatal approach re- 
quires a longer operation time, more blood loss, and 
longer recovery period than the transnasal ap- 
proach. 


We propose a new protocol when evaluating bi- 
lateral bony choanal atresia in the CHARGE as- 
sociation patient. The goal of our therapy is to limit 
the number of surgical repairs to a single trans- 
palatal procedure. We already have shown that this 
technique successfully alleviates postoperative ste- 
nosis. The cornerstone of therapy in bilateral atresia 
is that it requires establishing a stable airway. Con- 
trary to other management protocols,'*'* an endo- 
tracheal intubation or tracheotomy may be re- 
quired to manage the airway. A secured airway is 
essential when managing CHARGE association pa- 
tients because they are at higher risk for airway ob- 
struction. This secured airway allows the tempori- 
zation of an immediate surgical repair and permits 
a multisystem evaluation to rule out life-threaten- 
ing anomalies. 


The transpalatal approach is the procedure of 
choice in surgically managing choanal atresia in the 
CHARGE association patient with bilateral bony 
atresia. We have shown that partial or complete 
failure of the transnasal approach in these patients 
was related to the unsuspected presence of a con- 
tracted nasopharynx and narrowed bony posterior 
choanal region, as confirmed by CT. Although a 
transpalatal approach is feasible in the first days of 
life, a radical resection of the posterior nasal septum 
and lateral bony walls is achieved best by delaying 
surgery until these often fragile patients are a year 
or more of age. 
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CONGENITAL STENOSIS OF THE LOWER ESOPHAGUS ASSOCIATED 
WITH LEIOMYOMA AND LEIOMYOSARCOMA OF 
THE GASTROINTESTINAL TRACT 
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The purpose of this paper is to report our analysis of four generations of a family with congenital strictures of the lower esophagus 
associated with leiomyoma of the gastrointestinal tract. Two members of the family died of sarcomatous degeneration of the leiomyoma 
and one is still alive 2 years after resection of the malignancy. Three family members had surgical repair of the congenital stricture. 
Surgical repair was unnecessary in one, for whom repeated dilatations alleviated the symptoms. Since there were no direct female descen- 
dants in this family, it is unknown whether this hereditary disease is carried by a sex-linked dominant gene. There are no reports in the 
literature of a familial tendency to congenital strictures of the esophagus, nor are there any reports of strictures in association with 
gastrointestinal leiomyoma and the later development of sarcomatous degeneration. The literature is reviewed, syndromes of leiomyoma of 
the esophagus and gastrointestinal tract are detailed, the particulars of the family tree and the patients are described, and the study is sum- 
marized. 


KEY WORDS — congenital dysphagia, congenital familial esophageal strictures, esophageal dysmotility, familial gastrointestinal 


leiomyoma, gastrointestinal tract leiomyosarcoma, Thal fundic surgery. 


INTRODUCTION 


An extensive review of the literature failed to 
reveal any documentation of the occurrence of fa- 
milial congenital strictures of the esophagus. While 
leiomyoma of the esophagus and gastrointestinal 
tract is not uncommon and is known to be associ- 
ated with other anomalies and syndromes, this tu- 
mor has never been reported to occur in association 
with congenital strictures of the esophagus. 


This paper presents four generations of a family, 
without consanguinity, in which all the male mem- 
bers had congenital strictures of the esophagus. 
Three members of the family — the great-grandfa- 
ther, grandfather, and one son — also developed 
sarcomatous degeneration in conjunction with mul- 
tiple leiomyomata of the gastrointestinal tract. Two 
of the members of the family died of their disease, 
while the third member is still alive 2 years after 
surgical removal of the malignant tumor and some 
of the leiomyomata. Two members of the family 
have as yet had no documentation of leiomyoma of 
the gastrointestinal tract. 


Congenital strictures are relatively rare forms of 
stenotic lesions of the esophagus. While leiomyoma 
has been reported in association with vaginal and 
vulvar involvement,’* nephrogenic disease (AI- 
port’s syndrome),'? Carney’s triad,* and pulmonary 
osteoarthropathy,*® the combination of congenital 
stricture of the esophagus and leiomyoma of the 


gastrointestinal tract in a single patient or family is 
unreported and may represent a new syndrome. 


LITERATURE REVIEW 


The literature review is limited to articles that 
document the classification and description of the 
types of congenital strictures of the esophagus, those 
that discuss leiomyoma of the esophagus and gastro- 
intestinal tract, and those that report leiomyoma in 
association with syndromes, hereditary tendencies, 
or associated defects. 


While the very existence of congenital strictures 
of the esophagus has been questioned, such occur- 
rences are a reality, and the differential diagnosis is 
not difficult. The problems of early diagnosis arise 
because of the infant’s ability, in most instances, to 
swallow liquids even when a severe stricture is pres- 
ent. The later development of symptoms of dyspha- 
gia therefore does not rule out a congenital esopha- 
geal stenosis. 


Congenital strictures of the esophagus are un- 
common and were first mentioned by Blasius® in 
1674. The first case of a congenital stricture of the 
esophagus on the North American continent was re- 
ported by Rotch’ in 1913. Gross? in 1953 reported 
38 patients with congenital strictures of the esopha- 
gus. Three of the patients in his series had another 
abnormality of the alimentary tract. Greenough? in 
1964 reviewed the embryologic development of 
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strictures. He divided congenital lesions into the fol- 
lowing types: 1) an esophageal web, 2) an area of 
segmental stenosis, and 3) a web occurring in associ- 
ation with an area of segmental stenosis. 


Groote et al'® in 1985 reported an 11-month-old 
infant with an esophageal stenotic lesion in the mid- 
dle third of the esophagus who died of a paralytic 
ileus after gastrostomy. The autopsy revealed a 
fibrous stenosis in the middle third of the esopha- 
gus. The muscular coat was largely absent and was 
replaced by haphazardly arranged circular muscle 
fibers. Tracheobronchial remnants and idiopathic 
muscle hypertrophy were present. The submucosa 
was lacking and there was only a fibrous connective 
tissue between the mucous membrane and muscular 
coat. 


Dunbar"! in 1964 divided esophageal strictures 
into two types: 1) a thin web or diaphragm and 2) a 
localized thickening of the esophageal wall. Stew- 
art’? in 1931 stated that leiomyoma of the intestine 
is uncommon, and reported two patients with leio- 
myoma in association with a diverticulum of the 
lower third of the esophagus. Roussal et al' de- 
scribed a family in which the mother and one son 
were affected by esophageal leiomyoma with ne- 
phritis and hematuria. The mother also had hyper- 
trophy of the vulva and clitoris, and the son, per- 
ceptive deafness and congenital cataracts. The asso- 
ciation of Alport’s syndrome with leiomyoma of the 
esophagus and gastrointestinal tract was first de- 
scribed by Guarner and Garcia Torres’’ in 1985. 
Botting et al'* reviewed 18 cases of smooth muscle 
tumors, eight with leiomyoma and ten with leiomy- 
osarcoma. Standerfer and Paneth** in a worldwide 
literature search found 850 cases of esophageal leio- 
myoma. Seremetis et al'® reported 19 surgical cases 
of esophageal leiomyoma. Cohen and Soloway" 
stated that the vast majority of cases of stenosis in 
infancy are acquired secondary to gastroesophageal 
reflux. The authors typed congenital lesions on the 
basis of anatomic and embryologic considerations. 


Wahlen and Astedt? in 1965 stated that leiomy- 
oma of the vulva is rare and were the first to report 
leiomyoma of the esophagus coexisting with leiomy- 
oma of the vulva in a mother and daughter. Aprigli- 
ano? reported that stenosis of the esophagus in chil- 
dren represents an extensive chapter of esophageal 
disease. He divided stenotic lesions into congenital 
and acquired types. In every case of congenital 
stricture, dysphagia occurred at birth and the ra- 
diographic report was frequently suggestive of ach- 
alasia of the cardia. Postlethwait'® defined a con- 
genital stenotic lesion of the esophagus as a narrow- 
ing of the lumen of varying lengths with a normal 
mucosal wall. Takayanage et al'° in 1975 resected a 
3-cm stenosis from the lower third of the esophagus 
in a 22-month-old girl. The pathologic findings 
showed the mucosa te be normal, the submucosa to 
be absent, and the muscular coat to be hypertro- 


phied. Cotton and Fearon” in 1972 reported three 
patients with congenital strictures of the esophagus, 
all treated with retrograde dilatations, and advised 
resection of the stricture if it did not respond to 
therapy. Bluestone et al?’ in 1969 reported 14 male 
and ‘en female patients with congenital esophageal 
stencsis. Radiographs showed proximal dilatation 
of the esophagus, and the narrowed area of the 
esophz gus at times had disordered motility. Scherer 
and Grosfeld? gave an excellent review of the sub- 
ject ard detailed the embryogenesis of strictures of 
the escphagus. Kulpati et al” reported the associa- 
tion ef leiomyoma of the esophagus with pulmonary 
osteca-thropathy. Bowen® in 1983 reported a new- 
born infant with intestinal obstruction at 2 days of 
age. Upon operation the patient was found to have 
a leieryosarcoma involving the first jejunal loop, 
extending to the duodenum, and involving the pan- 
creas and mesenteric artery. Riifenacht et al’* in 
1985 reported a female patient with a complete 
Carne~’s triad. The patient had gastric epithelioid 
leiomyoma, recurrent and metastatic laryngeal 
periganglioma, and pulmonary chondroma or ha- 
martoma and myxoma. 


Spaun and Nielsen‘ in 1986 reported a patient 35 
years cf age with leiomyoma of the colon and mes- 
entery associated with several congenital malfor- 
matiers and multip' < cranial hemangiomas. Two of 
the twee patients tney reported had poor intellec- 
tual ezpacity, and all three had a cystic papilloma 
of the choroid plexus of the left lateral ventricle, 
cran] scoliosis, hypoplasia of the left facial bones, 
defects of the upper and lower left jaw, thoraco- 
lumba- scoliosis, syndactyly of both hands, a left 
cataract, aniridia, and stricture of the nasolacrimal 
duct. 


CASE REPORTS 


Case 1. A 4'/,-month-old male infant, born on 
Marcn 18, 1960, was transferred from another hos- 
pital with complaints suggestive of adrenal insuf- 
ficieney. The infant was the product of a full-term 
pregnancy in which the mother had a kidney infec- 
tion at the seventh month of gestation. His birth 
weight was 3,136 g. Within the first 30 minutes 
after delivery he became cyanotic and was found to 
have atelectasis of the left lung. He responded to ox- 
ygen tterapy and was discharged on the fourth day 
of life. At 1 month of age, he developed gagging and 
excessive mucus following feedings. At 3 months of 
age he was hospitalized elsewhere and was noted to 
have hyperpigmentation thought to be associated 
with Addison’s disease. A barium esophagram prior 
to transfer revealed “achalasia of the esophagus.” 
Dysphz gia, gagging, and cyanosis with feeding and 
occasional diaphoresis with poor weight gain 
prompted his transfer. 


On edmission the child weighed 3,916 g and all 


vital signs were normal. He appeared wasted and 


456 Cohen et al, Congenital Stenosis of Lower Esophagus 








Fig 1. Barium esophagrams. A) (Case 1) Showing marked dilatation of esophagus. Pinpoint stenotic lesion is seen at car- 
dioesophageal junction. B) (Case 2) Taken several minutes after intake of barium. That contrast material did not enter stomach is 
indicative of severe stenotic lesion of lower end of esophagus. C) (Case 3) Showing dilated, irregular esophagus with severe narrow- 
ing of cardioesophageal junction. Note small stream of contrast material passing into stomach. 


malnourished, but was in no acute distress. The re- 
mainder of the examination findings were within 
normal limits. The admission diagnosis was failure 
to thrive in conjunction with an associated esopha- 
geal anomaly. Appropriate laboratory tests failed to 
confirm a diagnosis of Addison’s disease. A radio- 
graph of the esophagus taken on Aug 3, 1960, re- 
vealed a stricture at the cardioesophageal junction. 
The swallowing mechanism was found to be nor- 
mal, but the dye was noted to pass through the 
esophagus in an abnormal fashion. Barium did not 
pass into the stomach for well over 6 to 7 minutes, 
and the peristalsis was seen to be abnormal within 
the distal third of the esophagus (Fig 1A). The diag- 
nosis was stenosis of the distal esophagus with ab- 
sent or abnormal peristalsis in the distal one third of 
the esophagus. A Stamm gastrostomy was per- 
formed, and on Aug 25, 1960, a string was passed 
for retrograde dilatations. After a number of dilata- 
tions, barium swallow studies of the esophagus still 
showed the prestenotic dilatation of the esophagus 
above the stricture that was noted to be just above 
the diaphragm. Over the next 5 years, in spite of re- 
peated dilatations, there was no apparent improve- 
ment in the width of the stricture. The child had 
periodic occlusions of the esophagus by foreign 
bodies and episodes of bronchopneumonia. On Nov 
2, 1969, esophagoscopy was performed and the 
stricture was dilated easily. 


Since this patient was last seen, his development 
and growth have been within normal limits. On Jan 
3, 1985, at 24 years of age, he was admitted to an 
outside hospital with the complaint of sudden onset 
of severe generalized abdominal pain. A laparot- 
omy was performed on Jan 4, 1985, and revealed 
multiple small bowel tumors, one of which had 
undergone necrosis. Three tumors were resected 
from the small bowel or its mesentery. Histologic 
diagnosis finally was determined to be leiomyoma 


and leiomyosarcoma with more than a few serosal 
implants of the tumor. The patient is still asymp- 
tomatic at the time of this report. 


Case 2. This patient was first seen in the emer- 
gency room on Nov 27, 1961, at age 2 months with a 
history of vomiting, regurgitation of feedings, chok- 
ing, and wheezing after feedings. The family his- 
tory revealed congenital strictures of the esophagus 
in his brother, father, and grandfather. He was 
born on Sept 21, 1961, of a gravida 2, para 2 
mother with a normal pregnancy and normal birth. 
He was full term and born by spontaneous vaginal 
delivery weighing 4,340 g. He was admitted to the 
hospital the first time on Nov 28, 1961, with a 
history of having been well until Nov 3, 1961, when 
he developed an upper respiratory tract infection 
and gagging and choking on feedings. A complete 
examination showed no defects of the head and 
neck, chest, abdomen, or extremities, and neuro- 
logic findings were normal. A barium esophagram 
revealed no difficulty in swallowing. However, the 
esophagus was dilated throughout its entirety and 
peristaltic activity was extremely poor. The radio- 
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Fig 2. Pedigree of four generations of family with congeni- 
tal stricture of esophagus and leiomyoma of gastrointesti- 
nal tract. 
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graphic diagnosis was stricture of the esophagus 
with marked prestenotic dilatation of the esophagus 
and diffuse abnormal peristalsis (Fig 1B). The en- 
doscopic examination revealed a severe congenital 
stricture of the lower end of the esophagus. Re- 
peated dilatations were performed with resulting 
improvement in the feeding problem. However, 
foreign body ingestions and peristaltic abnormali- 
ties necessitated frequent admissions to the hospital 
for therapy. 


Because multiple admissions were necessary for 
the dilatations of the esophageal stricture and for 
the removal of foreign bodies retained in the 
esophagus, on March 22, 1965, a Heineke-Mikulicz 
procedure was performed. The findings at surgery 
showed a severe stricture at the cardioesophageal 
junction. An incision was made parallel to the long 
axis of the esophagus down across the stricture and 
onto the anterior gastric wall. There was an obvious 
band or bridge of congenital scarring on the gastric 
side of the cardioesophageal junction that required 
cutting through the scar, muscle, and mucous mem- 
brane in order to relieve the point of obstruction. 
Following routine closure, a vagotomy and pyloro- 
plasty were performed. A gastrostomy was per- 
formed. The child did well postoperatively, and on 
March 29, 1965, an esophagram showed the esoph- 
agus to be less dilated, and the contrast material 
flowed into the stomach readily. A postoperative 
endoscopic examination was performed on May 3, 
1965, at which time the esophagoscope could be 
passed into the stomach. Dysphagia necessitated a 
number of endoscopic procedures, on which esoph- 
agitis was evident, usually associated with retained 
secretions and food. By March 1969, at age 8 years, 
the patient was on a regular diet and had no prob- 
lems swallowing, especially when sitting upright. A 
barium esophagram performed in January 1988 
revealed dysmotility of the esophagus with a small 
hiatus hernia. A computed tomographic scan failed 
to reveal any evidence of small bowel tumors. 


Case 3. This patient, the infant child of the pa- 
tient in case 1, was born on Aug 1, 1985. He was 
first seen in consultation on Jan 14, 1986, at the age 
of 5‘, months. He was the product of a normal 
pregnancy and full-term vaginal delivery. He was 
initially breast-fed and then was switched to bottle 
feedings. He did not regurgitate excessively, but 
had difficulty in burping. The family history was 
positive for congenital strictures of the esophagus 
and leiomyoma of the gastrointestinal tract. The 
child’s chief complaint was rattling, coughing, and 
wheezing during feedings. His condition was diag- 
nosed as chronic bronchitis. On examination he 
weighed 4,272 g, appeared to be in no distress, was 
normocephalic, and aside from symptoms seemed 
normal. Neurologic findings were normal. There 
were numerous skin angiomata on the left side of 
the neck. The chest and abdomen were normal. 
Based on the family history and symptoms, a stric- 


ture was suspected and a barium esophagram was 
adv s2d. The barium esophagram revealed marked 
irrezular dilatation of the entire esophagus with a 
severe stricture at the cardioesophageal junction 
(Fig JC), 


The child’s first admission to the hospital was on 
Fet 10, 1986, with the diagnosis of esophageal ob- 
striction and dehydration. The history was one of 
prozpessively increasing vomiting and intolerance 
of Skid feedings. On Feb 20, 1986, esophagoscopy 
anc cilatation was performed. Marked retention of 
secætions was noted and the stricture at the car- 
dioes»phageal junction was concentric and ex- 
tremely tight. There was no improvement with dil- 
ataciens. There was no evidence of esophageal in- 
flanmation. Manometric studies showed the cardi- 
oes; hageal sphincter pressure to be 30 cm H20. 
The child was discharged on Feb 14, 1986, and was 
readmitted on March 3, 1986, for surgical explora- 
tior . A radiograph of the chest taken preoperatively 
war reported as normal. Examination of the peri- 
ton2<l cavity showed the gastrointestinal tract to be 
nornal. The esophagus was found to have a very 
tigkt stricture consisting of solid concentric scar 
tissae of about 2", cm in length at the cardio- 
esovLageal junction. There was no evidence of 
esovLagitis, and cartilaginous remnants were not 
found. A Thal fundic patch and a Nissen fundopli- 
catzo1 were performed. The child’s postoperative 
course was uneventful and he was discharged on the 
14ta postoperative day. Since then he has had no 
proo-ems with his feedings, he takes solid foods 
well, and his growth and development have been 
norral. 


Family Tree. The father of the patients in cases 1 
anc 2, who was the grandfather of the patient in 
cas- 3, also had dysphagia. Little is known about 
his >:rth history, except that he was born on Feb 15, 
19=4 in Belgium and that he had severe dysphagia 
from birth. He required some type of surgical in- 
terrention at a very early age, following which he 
recesered from his dysphagia and was able to swal- 
low ell forms of food without difficulty. Neither the 
dates of his operations nor any specifics regarding 
the type of operations are known. He is known to 
hawe developed multiple tumors of the gastrointes- 
tinal tract and to have died at age 24 because of 
cormestive heart failure of 6 months’ duration and a 
leiar yosarcoma of the stomach and small intestine. 
Ths malignant disease was diagnosed 1 year before 
death and was associated with multiple leiomyo- 
ma a of the stomach and small intestine. 


The great-grandfather of the patient in case 3 
hac dysphagia, but little is known of his early 
histo-y. At an early age he died of a malignancy of 
the bowel with metastases to the back. An autopsy 
wa: not performed. 


Ncthing is known of the great-grandfather’s side 
of the family. However, the great-grandmother had 
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one child by a previous marriage who died at 18 
months of age secondary to what was called a con- 
vulsion, the cause of which is not known. The great- 
grandmother had a sister who had two children, a 
boy and a girl, who had no problems similar to 
those described. On the grandmother’s side of the 
family there were no problems of strictures or can- 
cer. The family tree is documented in Fig 2. 


SUMMARY AND CONCLUSIONS 


This paper presents four generations of an 
unusual family of five male patients (four genera- 
tions) who had symptoms of esophageal obstruction 
that was found to be due to distal congenital 
esophageal strictures. In later life, some of the 
members of this family developed multiple leiomyo- 
mata of the gastrointestinal tract, and in three of 
the family members, sarcomatous degeneration of 
these tumors is known to have developed. It is prob- 
able that this defect will continue and will affect 
the other two patients in this family. To this date, 
there is still no evidence of leiomyoma of the gas- 
trointestinal tract in cases 2 and 3. 


An extensive review of the literature failed to re- 
veal any reports of a single patient or of a family 
with congenital esophageal strictures. As yet unre- 
ported is a family with this esophageal anomaly in 
association with leiomyoma of the gastrointestinal 
tract in which the individuals also developed sar- 
comatous changes within the tumor. 


However, leiomyoma of the esophagus and gas- 
trointestinal tract has been reported to occur as a 
family trait in concurrence with other congenital 
defects such as multiple anomalies, Alport’s disease, 
and smooth muscle tumors of the vulva and clitoris. 
It has also been reported in Carney’s triad and in 
association with pulmonary osteoarthropathy. 


Since all of the members on the paternal side of 
this family had these abnormalities, a sex-linked 
genetic defect must be considered as the cause. 
However, genetic studies were never performed on 
any of these patients. 


While congenital strictures of the esophagus are 
uncommon (and even rare), the symptoms in the re- 
ported patients were clearly not attributable to an- 
other cause. The very early onset of choking with 
feedings, aspiration, regurgitation, and especially 
difficulties in burping accentuates the congenital 
nature of this esophageal lesion. Another differen- 
tiating feature in the reported patients was the very 
early occurrence of severe dilatation of the esopha- 
gus within the prestenotic area. Especially to be 
noted is the esophageal dysmotility in case 2. These 
findings reinforce the congenital nature of this le- 
sion. In addition, the dysmotility or atony of the 
esophagus probably precluded successful results 
from the dilatation of the stricture. While dysmo- 
tility of the esophagus within the strictured area has 
been reported, extensive dysmotility is uncommon 
(case 2). However, it is well known that within con- 
genital strictures and some other abnormalities of 
the esophagus, such as atresia, dysmotility is not an 
uncommon occurrence. 


It is more likely that the effects of retained secre- 
tions and foreign bodies cause esophagitis that pro- 
motes increased stricture formation, than that a 
stricture is congenital. This fact adds to the dif- 
ficulties in treating these patients. The decision to 
operate in case 3 was unquestionably a thoughtful 
and appropriate one, in view of the prolonged mor- 
bidity in other members of this family. It would 
seem that surgical intervention, which was so suc- 
cessful in case 3, may at least in strictures of this 
type be preferable to prolonged dilatations. 
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NINCDS NOT: S* 


COCHLEAR IMPLANT CONSENSUS COVERS SUITAB ITY FOR ADULTS AND CHILDREN 


Cochlear implants may help selected profoundly deaf individuals by imp -øving their perception of sound but are not recommended 
for all deaf persons, according to a consensus development panel called to ds=uss cochlear implant issues. 


The panel, which consisted of clinical investigators and specialists and =neralists from medicine and related scientific disciplines, 
detiberated at the Cochlear Implant Consensus Conference May 2-4, 198& The conference, sponsored by the National Institute of 
Neurological and Communicative Disorders and Stroke (NINCDS), was called to develop criteria that clinical practitioners could use to 
evaluate their patients as candidates for cochlear implants. 


According to the panel, improved sound perception brought about by implants could provide dramatic speech-hearing capability in 
some individuals. In many others, implants could aid in lipreading or in det=+ting environmental sounds such as cars honking and dogs 
barking. The implants, however, do not restore a normal sense of hearing. 


It was also noted that carefully selected children as young as 2 years of age -an now be implanted successfully with cochlear prostheses 
that will adapt and conform well as the toddler’s middle ear and mastoid grow. In the past, children often were ruled out as candidates 
because they would outgrow the devices and because without linguistic abilizes, the youngsters were thought to derive limited benefits 
from implants. Adults with profound bilateral sensorineural hearing loss who »2came deaf after having learned speech and language were 
considered the best candidates for the implants. 


At the close of the conference, the panel drafted a consensus statement aat outlined the agreed-upon criteria, as well as the risks, 
limitations, advantages, and disadvantages of implanting different types of cachlear prostheses. 


Free single copies of the consensus statement on cochlear implants may be obtained by writing to the Director of Communications, 
Office of Medical Applications of Research, NIH, 9000 Rockville Pike, Bldg . Rm 216, Bethesda, MD 20892. 


Other sponsors of the conference were the NIH Office of Medical Applic ions of Research, the National Institute on Aging, the Na- 
tional Institute of Child Health and Human Development, the Food and Drag Administration, and the Veterans Administration. 


*This information is prepared monthly by the Office of Scientific and Health Repor=, NINCDS, NIH, Bldg 31, Rm 8A-06, Bethesda, MD 20892; (301) 
496.5924. 
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DILATION OF ESOPHAGEAL STRICTURES: COMPARATIVE 
MORBIDITY OF ANTEGRADE AND RETROGRADE METHODS 


DONALD B. HAWKINS, MD 


Los ANGELES, CALIFORNIA 


A total of 687 dilations of esophageal strictures were performed on 59 patients in the operating room over a 17-year period. Seventy- 
nine percent of the strictures were secondary to caustic ingestion and 89% of the dilations were in these patients. Antegrade dilations were 
performed 389 times and retrograde dilations were performed 298 times. Esophageal perforation occurred seven times with antegrade dila- 
tions. There were no perforations with retrograde dilations. The retrograde method using Tucker bougies is the safest and most successful 


method of dilating severe strictures. 


KEY WORDS — antegrade dilation, caustic ingestion, esophageal stenosis, esophageal stricture, perforation, retrograde dilation. 


INTRODUCTION 


In the 1980s, numerous papers have been pub- 
lished in the nonotolaryngologic literature on dila- 
tion of esophageal strictures.” With rare excep- 
tion, very little information on this subject has ap- 
peared in the otolaryngology literature in recent 
years.’ These papers mainly discuss dilation of gas- 
tric reflux strictures. Other strictures discussed are 
secondary to surgical procedures, malignancy, and 
achalasia. Mentioned occasionally are strictures sec- 
ondary to caustic ingestion. When they are men- 
tioned, caustic strictures are acknowledged to be 
the most difficult to dilate.?*‘ 


Numerous dilators and techniques have been de- 
veloped over the years for dilation of esophageal 
strictures. These include the mercury-filled bougies 
of Hurst and Maloney, Tucker retrograde bougies, 
Jackson silk woven bougies, metal olives passed over 
a string as in the Plummer method or over a guide- 
wire as in the Eder-Puestow method,’ the Celestin 
Neoplex dilator passed over a wire,'® and Emerson 
Teflon dilators.’’ Balloon dilators have included the 
hydrostatic balloon for achalasia and the Gruntzig 
and Fogarty vascular balloon catheters.'?-?°.?3-25:27.3° 
Dilation over a string or guide-wire is considered to 
be safer than dilation without a lumen guide. The 
guide-wire usually is passed under fluoroscopic 
guidance or through the biopsy channel of a flexible 
esophagoscope. Obtaining and maintaining a lu- 
men guide without gastrostomy is not always easy. 
In patients with severe strictures, the retrograde 
technique of dilation using an indwelling string is 
considered to be the safest and most successful 
method but has the disadvantage of requiring a gas- 
trostomy.’*°** Even though retrograde dilation is 
acknowledged to be the safest method, I know of no 
published series of patients comparing the incidence 
of perforation in antegrade and retrograde meth- 


ods. For this reason, I am reporting the experience 
of our department with dilation of esophageal stric- 
tures with special emphasis on the relative inci- 
dence of perforation in antegrade and retrograde 
methods. 


MATERIAL AND METHODS 


During the period between Jan 1, 1971, and Jan 
1, 1988, 59 patients underwent a total of 687 dila- 
tions of esophageal strictures in the operating room. 
Some of these same patients also had dilations in the 
outpatient department with Hurst or Maloney bou- 
gies, but accurate data regarding the number of 
outpatient dilations could not be obtained. When 
the term “antegrade dilation” is used in this paper, 
it refers to dilation through or with a rigid esopha- 
goscope or with Plummer olives in the operating 
room. Outpatient mercury bougie dilations will be 
referred to as such. The dilations were performed 
by otolaryngology resident physicians with the 
author participating in over 90% of the procedures, 
including each in which a perforation occurred. 


Age and Sex. There were 33 adults (18 years and 
over) and 26 children. The age ranges of the chil- 
dren at the beginning of their dilations were as fol- 
lows: under 5 years, 18; 5 through 10 years, three; 
and 11 through 17 years, five. There were 30 males 
and 29 females in the entire group. This equal dis- 
tribution was essentially the same for adults (16 
men and 17 women) and for children (14 boys and 
12 girls). 


Stricture Causation. The majority of the stric- 
tures in our 59 patients were due to ingestion of 
caustic substances such as lye or acids. Forty-six pa- 
tients, or 79% of the total, including 29 adults and 
17 children, had caustic strictures. Thirteen pa- 
tients had strictures of noncaustic causation. These 
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TABLE 1. OUTCOMES OF PATIENTS WHO UNDERWENT FEGULARLY SCHEDULED DILATIONS 


Outcome 
Antegrade 
Adults (n = 19) 
Asymptomatic or outpatient mercury bougie dilation PRN 


Currently being dilated 
Colon interposition surgery 
Cervical reconstruction of stricture 
Children (n = 10) 
Asymptomatic or outpatient mercury bougie dilation PRN 


Currently being dilated 


Retrograde 
Adults (n = 8) 
Asymptomatic or outpatient mercury bougie dilation PRN 
Colon interposition surgery 


Children (n = 7) 


Asymptomatic and pediatric esophagoscope passed to stomach 


Antegrade dilation; later, outpatient mercury bougie dilation PRN 


Currently being dilated 
Colon interposition; later, cervical reconstruction 


No. of 
Dilations 
òo. of or Time 
tients Tupe of Stricture Until Outcome 
13 11 caustic Avg 6 dilations 
2 noncaustic Avg 3 dilations 
l Caustic Less than 1 yr 
Caustic Avg 4 dilations 
l Noncaustic (postirradiation) 3 dilations 
9 4 caustic Avg 17 dilations 
5 noncaustic Avg 5 dilations 
l Noncaustic (reflux) 1-2 dilations/yr 
for 16 yr 
5 Caustic Avg 7 dilations 
3 Caustic Avg 13 dilations 
2 Caustic 18 dilations, 
48 dilations 
l Caustic 16 dilations 
Caustic From 1 to 3'/; yr 
l Caustic 10 dilations 


Does not include patients who sustained perforations or the four patients who underwent retrograde dilations after perforations. 


PRN — as required, Avg — average of. 


included four adults with strictures after cancer 
surgery and irradiation and nine children, five with 
strictures after tracheoesophageal fistula repair and 
four with strictures due to gastric reflux. 


Dilations. In the following discussion, there is 
overlapping of numbers of patients because some 
patients had both antegrade and retrograde dila- 
tions at various times in their courses. Antegrade 
dilations were performed 389 times on 54 patients 
for an average of seven dilations per patient. Retro- 
grade dilations were performed 298 times on 25 pa- 
tients for an average of 12 dilations per patient. 
Considering the patients with caustic strictures, 316 
antegrade dilations were performed on 41 patients 
while 291 retrograde dilations were performed on 
24 patients. Among the 13 patients with noncaustic 
strictures, antegrade dilations were performed 73 
times on all 13 and retrograde dilations were per- 
formed seven times on one patient. Caustic stric- 
tures accounted for 89 % of the 687 dilations. 


Of the 25 patients undergoing retrograde dila- 
tions, 20 also had at least one antegrade dilation at- 
tempt before changing to the retrograde method. 
Some also had antegrade dilations again after retro- 
grade dilations were discontinued. Five patients did 
not receive antegrade dilations for the following 
reasons. Two were young children who had moved 
from Mexico, where they were already undergoing 
retrograde dilations. Two patients with caustic in- 
gestion strictures, one young child and one adult, 
had gastrostomies early in their courses and these 
were used for retrograde dilations without trying 


the antegrade approach. The fifth patient was an 
adult who developed a severe lower esophageal 
caust-c stricture that we thought would need an in- 
dwelīng string to maintain a lumen and in which 
only -etrograde dilations would be safe. 


Meétods of Antegrade Dilation. For antegrade 
dilations, Jackson woven esophageal bougies were 
used most frequently. They were used in approxi- 
mate-y 360 procedures and at least once in each of 
the 54 patients who underwent antegrade dilation 
in the operating room. They were always passed 
under direct vision through an open lumen rigid 
Jesbe-g esophagoscope. Fogarty balloon catheter 
dilation was performed through the Jesberg esopha- 
goscode on several patients. The Plummer tech- 
nique of passing metal olives over a previously swal- 
lowec string was also used on several. Occasionally 
in stritures that had been dilated to a larger diame- 
ter, the pediatric Jesberg esophagoscope was used as 
a dilater. Except for an occasional dilation in an 
adult under local anesthesia in the early 1970s, all 
of the bove procedures were performed with gen- 
eral exdotracheal anesthesia and muscle paralysis. 
All re rograde dilations, using Tucker bougies, were 
also p=rformed with general anesthesia. 


In addition to the procedures performed in the 
opera ing room, at least 17 adults, two teenagers, 
and t-vo young children underwent dilation in the 
outpacient department with Hurst or Maloney mer- 
cury-filed bougies when they would accept them 
and when their strictures were easier to dilate. 
These cilations were done with local anesthesia or 
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TABLE 2. PATIENTS WHO SUSTAINED PERFORATIONS DURING ANTEGRADE DILATIONS 


Eventual Outcome 


22 retrograde, 6 antegrade dilations; asympto- 
matic 8 yr 


17 retrograde dilations; asymptomatic 3 yr 
7 retrograde dilations; colon interposition 


No further dilations or surgery; feeding jejunos- 
tomy 


Colon interposition (anastomotic stricture) 


Colon interposition 


462 
No. of 
Dilations 
Before 
Patient Age Perforation Contributing Factors 
l 16 mo 7 2 separate strictures 
2 19 mo 10 Stricture lumen completely closed 
3 17 yr 35 Stricture lumen completely closed 
4 16 yr 11 Stricture lumen completely closed (patient re- 
moved string) 
5 45 yr 6 2 separate strictures; lower stricture completely 
closed 
6 29 yr 7 Long stricture lumen completely closed (patient 
removed nasogastric tube) 
7 27 yr 2 Tight irregular stricture 


no anesthesia. General anesthesia was not used with 
Hurst and Maloney bougies. 


RESULTS 


With our generally very poor, very mobile, and 
sometimes unreliable patient population, a regular 
dilation schedule or regular follow-up was often 
difficult to maintain. The results with those patients 
whom we were able to manage on a reasonably reg- 
ular basis are as follows. 


Seven patients sustained perforations from ante- 
grade dilations. These seven will be discussed in de- 
tail under Complications but are omitted from the 
following discussion. 


Antegrade Dilations. Nineteen adults and ten 
children underwent regularly scheduled antegrade 
dilations. Their outcomes are summarized in Table 
1. Thirteen adults and nine children were able to 
eat well and required no further dilations, or only 
outpatient mercury bougie dilations, after the aver- 
age number of dilations shown in Table 1. The av- 
erage number of dilations was considerably higher 
for caustic than for noncaustic strictures, especially 
in the children. Four adult patients elected to have 
colon interposition surgery rather than retrograde 
dilations after we determined that antegrade dila- 
tions were not adequate for their severe strictures. 
These operations were successful for the duration of 
our short follow-up (less than 1 year). One adult 
with a severe cervical stricture secondary to irradia- 
tion underwent a two-stage cervical reconstruction 
of the stricture as described by Geller and Pierce.” 
One teenager was to undergo occasional Fogarty 
balloon dilations of his reflux stricture for 16 years. 


Retrograde Dilations. Eight adults and seven 
children maintained a regular schedule of retro- 
grade dilations. In general, these were patients with 
more severe strictures than those having antegrade 
dilations. The outcomes of these 15 patients are 
summarized in Table 1. Five adults graduated to 
mercury bougie dilations after an average of seven 
retrograde dilations. Three adults had colon inter- 


5 retrograde dilations, then mercury bougies 


position surgery after an average of 13 retrograde 
dilations. In two patients, this surgery was success- 
ful. The third patient developed a stricture at the 
pharyngeal-colon anastomosis that required four 
retrograde dilations and still requires antegrade 
dilations three to four times a year, 6 years after the 
colon interposition. In two of the seven children, 
the strictures, after 18 dilations over 2 years and 48 
dilations over 5 years respectively, opened to the 
degree that the pediatric esophagoscope could pass 
through the strictures easily. The children ate nor- 
mally and required no further dilations. One pa- 
tient progressed to antegrade, then to mercury 
bougie dilations, and has required no dilations for 
several years. Three young children are being 
dilated at the present time. Two of the three are do- 
ing well after 1 and 3 years respectively and may 
soon be able to discontinue dilations. One 8-year- 
old patient had colon interposition surgery after ten 
retrograde dilations. He developed a stricture at the 
pharyngeal-colon anastomosis that required several 
antegrade dilations, then 11 more retrograde dila- 
tions before having a two-stage reconstruction of 
the stricture.” 


COMPLICATIONS 


The only complication in this series of 687 dila- 
tions was perforation of the esophagus. Seven pa- 
tients, shown in Table 2, sustained perforations 
while undergoing antegrade dilations, all with 
Jackson bougies. All seven were critically ill but all 
survived after mediastinal drainage and intensive 
antibiotic therapy. Included were two young chil- 
dren, two teenagers, and three adults. Each patient 
had a severe caustic stricture. No perforations oc- 
curred with retrograde dilations or with mercury 
bougies. 


The most common contributing factor to these 
perforations was the stricture lumen’s closing off 
completely and perforation resulting from attempts 
to establish a lumen. This occurred in five of these 
seven patients. Two of the five had removed lumen- 
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keepers from the esophagus, a string in one and a 
nasogastric tube in another. Because of the tenden- 
cy for their stricture lumens to close, retrograde di- 
lations had been recommended for patients 2 and 3 
(Table 2) but had been refused. The 17-year-old 
(patient 3) also would not swallow mercury bougies 
end was reluctant to have colon interposition sur- 
gery before the perforation occurred. Multiple stric- 
tures as well as long or irregular strictures were ad- 
citional factors contributing to the perforations. 


Regarding the eventual outcomes, the two young 
children have been asymptomatic for several years 
after multiple retrograde dilations. One adult (pa- 
tent 7) was swallowing well after five retrograde 
Gilations followed by several mercury bougie dila- 
tons. Three patients (patients 3, 5, and 6) had colon 
interposition surgery. One of the three developed a 
pharyngeal anastomotic stricture that required four 
antegrade dilations, then multiple mercury bougie 
dilations. One patient (patient 4) refused further di- 
lations or surgery. A follow-up report 4 years later 
revealed that he was taking liquids by mouth and 
other nutrition through a jejunostomy. 


DISCUSSION 


Esophageal stricture dilation has the ever-present 
danger of perforation, and caustic strictures appear 
te be the most dangerous to dilate. Bill et al’ had 
eght perforations in 46 patients for a rate of 17%. 
Five of the eight perforations were in 13 patients 
who had caustic strictures, a rate of 38%. Alford et 
a,” in a paper discussing all types of perforations, 
reported five due to stricture dilation. Three of the 
five perforations were in patients with caustic stric- 
tures. Shepherd et al* discussed 13 children who 
had perforations from various causes. Seven of the 
13 perforations were secondary to stricture dilation, 
aad five of those seven patients had caustic stric- 
tures. Two papers advocating surgical bypass of the 
esophagus reported a combined total of 143 stric- 
tures, 17 (12%) of which had been perforated while 
being dilated.*'*? Thirteen perforations occurred in 
7£ patients with caustic strictures (16%), while only 
four perforations were in 64 patients with noncaus- 
tie strictures (6%). 


Sali and Eastman’ reported five perforations in 
7& patients who had 185 dilations with bougies 
passed down a rigid esophagoscope and with gener- 
al anesthesia. They did not say what type of stric- 
tures they were dilating, but they said that this 
method of dilation carries a high risk of perforation. 
This seems to be supported by the earlier reports. 
For instance, Holinger et al” reported five perfora- 
tions during esophagoscopic dilation of caustic stric- 
tures over a 5-year period, but did not say how 
many patients or dilations were involved. The per- 
forations reported by Bill et al’ were with Jackson 
weven bougies passed “blindly” or with the 
esephagoscope used as a dilator. The three caustic 


stricture perforations made by Alford et al” were 
with Jackson bougies under endoscopic vision. Dila- 
tion by any method has some risk of perforation, 
however. A 1974 survey by the American Society for 
Gastrointestinal Endoscopy involving thousands of 
dilations revealed 12 perforations from mercury 
bougies, 33 from metal olives passed over a guide- 
wire or string, and 14 with pneumatic balloon dila- 
tors.** Three more recent reports cited a total of 16 
perforations with mercury bougies or with Eder- 
Puestow olives in a total of 314 patients for a rate of 
5% ."'''?! Those 314 patients included only 24 with 
caustic strictures, five (21%) of whom sustained 
perforations. 


Jackson woven bougies should never be passed 
blindly. Even when passed under direct vision 
through an open lumen esophagoscope, they should 
be passed very carefully. As Daly and Cardona*! 
stated 30 years ago, Jackson dilators are ideal for 
single short strictures, but are extremely hazardous 
with multiple strictures. Dilation over a string or 
guide-wire is safer with long or multiple strictures. 
However, it is difficult to get children to swallow a 
string in the length that is necessary for secure trac- 
tion for dilation. Our adult patients, who usually 
have ingested caustics in suicide attempts, do not 
readily swallow strings either. The Eder-Puestow 
guide-wire will not pass through a stricture lumen 
of less than 5 mm.*'?*? The lumens of tight caustic 
strictures in our patients were narrower than that. 
Reports of the use of the Gruntzig balloon catheter 
with its radial dilating effect sound promising, but 
it does not seem to have had adequate trial in 
caustic strictures.*’'?-7* We plan to use it in the near 
future, although our experience with the Fogarty 
balloon catheter in the tighter strictures was disap- 
pointing. 


Severe caustic strictures, especially during the 
first several weeks after their formation, may close 
off the lumen completely unless something such as a 
nasogastric tube or string is kept in the lumen to 
maintain its patency. Patients become unhappy 
with nasogastric tubes and may remove them after 
discharge from the hospital. On the other hand, it is 
difficult to keep a string in the esophagus for very 
long without a gastrostomy through which the 
string exits and is tied in a continuous loop with that 
portion exiting from the nose. In a patient without a 
gastrostomy, the distal end of the string is carried 
along by intestinal peristalsis. It eventually extrudes 
from the anus, creating a difficult situation for the 
patient. This is difficult to prevent by securing the 
string at its entrance into the nose, because the con- 
tinued peristaltic traction will tighten the string, 
making it cut the nasal ala. A gastrostomy is neces- 
sary for prolonged use of an indwelling string. 


Our perforation rate with Jackson antegrade 
bougies (2% of dilations in which they were used, 
and 13% of patients undergoing antegrade dila- 
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tion), seems to substantiate earlier statements re- 
garding the high risk of perforation with these 
bougies. However, this series of strictures is not 
comparable to those reported in recent years, 
because of its high percentage of caustic strictures. 
All seven perforations occurred in patients with 
severe caustic strictures who would have been dif- 
ficult to dilate by any antegrade method. The five 
patients whose stricture lumens had closed off com- 
pletely show the value of an indwelling string and 
gastrostomy. 


In the 1950s, retrograde dilations were said to be 
the safest and most successful method for severe 
strictures.*' This has remained the case throughout 
the 1970s and 1980s.?3?-** The presence of a gastros- 
tomy and indwelling string does result in some dis- 
comfort and inconvenience. However, the serious 
nature of esophageal perforation and the resultant 
mediastinitis makes it worth the discomfort and in- 
convenience of gastrostomy to obtain virtual free- 
dom from the danger of perforation. In contrast to 
our seven perforations in 389 antegrade dilations, 
we had none in 298 retrograde dilations, and these 
were usually in the more severe strictures. While 
the most carefully done antegrade dilation can re- 
sult in perforation, this complication is almost non- 
existent with carefully performed retrograde dila- 
tions. In an extensive search of the literature, no 
mention was found of specific cases of perforations 
occurring during use of Tucker bougies in a retro- 


grade fashion. Kotler et al** described a perforation 
resulting from dilation with Tucker bougies, but 
they were used in the antegrade direction, entering 
the mouth and exiting from the gastrostomy. Even 
with the string as a guide, the antegrade direction is 
not as safe, because the proximal esophageal lumen 
balloons out above the stricture, whereas the distal 
lumen is funnel-shaped to the stricture.”*? With the 
retrograde technique, a perforation can occur only 
if excessive traction is exerted on a dilator that is too 
large for the stricture, resulting in splitting of the 
esophageal wall. This complication undoubtedly 
has occurred, but it must be extremely rare. 


It is not the purpose of this paper to evaluate col- 
on interposition surgery, but 11 of our patients with 
caustic strictures had this procedure. In eight, this 
successfully relieved their swallowing difficulty 
during the periods of time, 3 months to 2 years, that 
we had follow-up information. Pharyngeal anasto- 
motic strictures developed in the other three and re- 
quired further dilations. In these three patients, the 
anastomotic strictures posed as difficult a problem 
as did the original strictures. 


It is the purpose of this report to emphasize the 
greater degree of safety provided by the retrograde 
dilation technique using Tucker dilators. This meth- 
od is recommended for severe strictures, especially 
multiple strictures or long irregular ones but even 
short ones, that are difficult to dilate or are requir- 
ing very frequent dilations by antegrade methods. 
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LARYNGOTRACHEAL SEPARATION FOR 
INTRACTABLE ASPIRATION 


CARL H. SNYDERMAN, MD 
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PITTSBURGH, PENNSYLVANIA 


Intractable aspiration may be a life-threatening problem for patients with altered laryngeal function secondary to neurologic 
disorders or abnormal laryngeal anatomy. Multiple surgical procedures have been devised to deal with this problem. An effective tech- 
nique involves the creation of a tracheostoma and closure of the larynx at the first or second tracheal ring. Laryngotracheal separation is 
relatively easy to perform and potentially reversible. Experience with this technique in six patients who required laryngeal separation for 
intractable aspiration is described. The procedure was successful in preventing aspiration and recurrent pneumonia associated with neuro- 
logic dysfunction, unresectable neoplasm, and conservation laryngeal surgery. One patient of one has had a successful reconstruction. 


KEY WORDS — aspiration, laryngotracheal separation. 


INTRODUCTION 


Normal laryngeal function achieves three goals: 
protection of the airway, respiration, and phona- 
tion. Compromise of its normal protective function 
may result in life-threatening aspiration. The risks 
of aspiration are a result of toxic fluids, bacterial 
pathogens, and inert particulate matter. Aspiration 
of food and saliva may cause a chemical, as well as 
bacterial, pneumonitis with associated hypoxemia 
and hypercarbia. Progression into a bronchopneu- 
monia may result. Obstruction of bronchi by partic- 
ulate matter may lead to atelectasis and develop- 
ment of a pulmonary abscess. 


Patient populations at greatest risk of chronic aspi- 
ration include those with altered laryngeal anatomy 
or neurologic dysfunction. Surgery for tumors in- 
volving the oral cavity, pharynx, or larynx may cause 
aspiration by multiple mechanisms: reduced tongue 
control, delayed triggering of the swallowing reflex, 
reduced glottic closure, reduced laryngeal eleva- 
tion, and reduced pharyngeal peristalsis.’ Preopera- 
tive radiation therapy exacerbates the problem by 
causing drying of mucosa, immobilization of tis- 
sues, and edema. Furthermore, head and neck sur- 
gical patients often have compromised pulmonary 
function with an impaired cough reflex. Neurologic 
disorders that predispose to chronic aspiration in- 
clude brain stem cerebral vascular accidents, poste- 
rior fossa tumors, head injuries, myasthenia gravis, 
bulbar palsy, muscular dystrophy, amyotrophic lat- 
eral sclerosis, and multiple sclerosis.’ 


The importance of adequately dealing with chron- 
ic aspiration is stressed by the observation that the 
major cause of death of children in a chronic vege- 
tative state following a severe CNS injury is aspira- 
tion pneumonia.’ Additionally, chronic aspiration 


makes the nursing care of these patients much more 
difficult and time-consuming. Needless to say, qual- 
ity of life in these patients is affected adversely. 


The surgical treatment of chronic aspiration is 
dependent on the cause and severity of the aspira- 
tion. Initial measures may include tracheostomy, 
nasogastric tube feedings, and cricopharyngeal my- 
otomy. When aspiration is associated with unilater- 
al vocal cord paralysis, Teflon injection of the in- 
volved cord may improve glottic competence. 


Paradoxically, a tracheostomy, often employed to 
reduce gross aspiration and afford access for suc- 
tioning, may contribute to aspiration by restricting 
laryngeal elevation during swallowing, preventing 
an effective cough, and altering laryngeal reflexes. 
Secretions pool above the cuff of the tracheostomy 
tube and may be aspirated when the cuff is deflated 
intermittently. Chronic cuff inflation has been 
shown to lead to tracheomalacia, tracheal dilata- 
tion, and tracheoesophageal fistula. The use of a 
nasogastric tube to divert feedings past the larynx is 
associated with pooling of secretions in the hypo- 
pharynx and may restrict motion of the arytenoid 
cartilages. Nasogastric tubes also may promote re- 
flux of gastric contents. 


When these methods fail to control chronic aspi- 
ration, a laryngeal closure procedure is to be consid- 
ered. Many operative procedures have been de- 
scribed. These can be divided into four basic tech- 
niques: glottic closure, supraglottic closure, laryn- 
gotracheal separation, and total laryngectomy. Of 
these, the technique that best meets the criteria of 
simplicity, reliability, and reversibility is laryngo- 
tracheal separation, originally described by Linde- 
man’ and subsequently modified by Lindeman et 
al’ and Baron and Dedo.‘ 
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Laryngotracheal separation. A) Tra- 
chea is transected between second 
and third trachea! rings or at level 
of existing tracheostomy. B) Sec- 
ond tracheal ring is removed and 
underlying mucosa is inverted and 
sutured to close subglottic trachea. 
Inferior trachea is sutured to skin 
edges using an overlapping “pie- 
crusting” technique. C) Tech- 
nique as originally described by 
Lindeman, * consisting of proximal 
end-to-side tracheoesophageal an- 
astomosis and distal tracheostomy 
(standard Lindeman procedure). 


TECHNIQUE 


The patient is placed in the supine position with 
the neck in extension. If a tracheostomy is present, 
the tracheostomy tube is replaced with an anode 
tube for ventilation and delivery of anesthetic gases. 
Local tissues are infiltrated with 1% Xylocaine with 
epinephrine 1/100,000 for hemostasis and addition- 
al anesthesia. This procedure may be performed 
with local or neuroleptic anesthesia. A transverse 
skin incision is made approximately at the level of 
the second tracheal ring or at the level of the trache- 
ostomy. Skin flaps are elevated deep to the platysma 
muscle and strap muscles are separated in the mid- 
line and retracted laterally. The thyroid isthmus is 
retracted inferiorly or divided and suture ligated. 
Dissection is continued down to the layer of the pre- 
tracheal fascia. In patients with a preexisting tra- 
cheostomy, a core of tissue around the tracheostomy 
tube is excised to the level of the trachea. The tra- 
chea is mobilized laterally with care taken to dissect 
on the surface of the trachea to avoid injury to the 
recurrent laryngeal nerves. This maneuver is impor- 
tant to maintaining the potential reversibility of la- 
ryngotracheal separation. The trachea then is tran- 
sected between the second and third tracheal rings 
or at the level of the existing tracheostomy (see Fig- 
ure, A). Care is taken not to perforate the esopha- 
gus. Dissection in the plane between the trachea 
and the esophagus allows mobilization of both ends 
of the trachea. The second tracheal ring then is 
dissected free from the underlying mucosa and re- 
moved. The subglottic mucosa is inverted with in- 
terrupted 4-0 Vicryl sutures and the stump is over- 
sewn with a running 3-0 Vicryl suture. The inferior 
trachea then is sewn to the skin margins with an 
overlapping “pie-crusting” technique and 2-0 chro- 





mic sutures (see Figure, B). A Penrose drain is in- 
serted and remaining skin incisions are closed. A 
cufsed tracheostomy tube is inserted and secured in 
plaee with cloth tracheostomy tapes or sutures. The 
tracheostomy tube is replaced with an uncuffed lar- 
yngectomy tube after several days and an oral diet 
is resumed after 5 to 7 days. Perioperative prophy- 
lactic antibiotics are employed for 24 hours. 


SUMMARY OF CASES 


Our experience with the modified Lindeman pro- 
cedure is summarized in Table 1. Three patients 
hac intractable aspiration secondary to neurologic 
conc itions. One patient had an unresectable squa- 
mow cell carcinoma of the pyriform sinus with in- 
volvement of the larynx. The remaining two pa- 
tients developed aspiration following conservation 
laryngeal surgery for squamous cell carcinoma. La- 
ryngetracheal separation was successful in prevent- 
ing aspiration in each case. The only complication 
was a transient laryngotracheal fistula in patient 5 
secendary to a poor nutritional status. This healed 


TABLE 1. SUMMARY OF PATIENTS SUBMITTED TO 
MODIFIED LINDEMAN PROCEDURE 


Patent Age Sex Diagnosis Comments 


] 61 M Amyotrophic lateral = 
sclerosis 

2 67 M Squamous cell carci- — 
noma 

3 23 F Multiple sclerosis Reconstruction, 

mo 

4 65 M Supraglottic laryn- — 
gectomy 

5 T2 M Hemilaryngectomy Transient fistula 

6 68 F Cerebrovascular ac- — 
cident 
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TABLE 2. SUMMARY OF LARYNGOTRACHEAL SEPARATION 


Authors Year Age (yr) Sex 
Lindeman et alf 1976 59 F 
54 F 

29 F 

27 F 

59 M 

50 M 

Baron and Dedo‘ 1980 67 M 
NR NR 

NR NR 

Krespi et al’ 1984 70 M 
65 M 

62 M 

4] M 

ai M 

Cohen and Thompson’ 1987 2 F 
7 M 

l M 

6 F 

Gilbert et al? 1987 NR NR 
NR NR 

NR NR 

NR NR 

NR NR 


Diagnosis Procedure Reconstruction 


Brain tumor 8 mo 
CVA 

Brain tumor 
Brain tumor 


CVA 


Brain tumor 


CVA 
CVA 
ALS 


ALS 

CVA 

ALS 
Syringomyelia 
CVA 


Mobius’ syndrome 
Möbius’ syndrome 
Mobius’ syndrome 
Mobius’ syndrome 


7 mo 


€ Z NNNNA 
| 


TREZ EEN GAUAN ZEEE 
| 


NR 


NR — not reported, CVA — cerebrovascular accident, ALS — amyotrophic lateral sclerosis, S — standard Lindeman procedure, M — modified Linde- 


man procedure. 





without further surgical intervention. Five of the six 
patients were able to resume an oral diet postopera- 
tively. Progressive disease in the patient with amyo- 
trophic lateral sclerosis necessitated a permanent 
gastrostomy. Only one patient has been a candidate 
for reversal of the procedure (patient 3). Following 
the recovery of normal laryngeal function, laryngo- 
tracheal anastomosis was performed successfully 26 
months after her initial surgery. Resumption of a 
normal voice and an oral diet without aspiration 
was noted. 


DISCUSSION 


In 1975, Lindeman‘ described a new technique for 
the treatment of intractable aspiration. This con- 
sisted of a proximal end-to-side tracheoesophageal 
anastomosis and a distal tracheostomy (see Figure, 
C). Aspirated material was diverted through the 
larynx and back into the esophagus. This technique 
was performed successfully in six dogs with preser- 
vation of vocal cord mobility. The reversibility of 
the tracheoesophageal anastomosis was demon- 
strated further with resumption of normal laryn- 
geal function. This procedure then was employed 
successfully in a 60-year-old patient with multiple 
cranial nerve deficits following removal of an 
acoustic neuroma. 


Additional experience with the “standard Linde- 
man procedure” in five patients was reported by 
Lindeman et al‘ in 1976. The technique prevented 
further aspiration in each case and was reversed 
successfully in two patients following neurologic 


improvement. A modification of the technique was 
performed in two of these patients. The proximal 
trachea was oversewn as a blind pouch because of a 
previously placed high tracheostomy that precluded 
a tracheoesophageal anastomosis. This was well tol- 
erated without complication. This is herein referred 
to as the modified Lindeman procedure (see Figure, 
B). In 1980, Baron and Dedo‘ reported three pa- 
tients in whom the modified Lindeman procedure 
was performed successfully. They observed that 
“the laryngeal and subglottic mucosa remained nor- 
mal despite bathing by food and secretions.” Secre- 
tions passed between the vocal cords into the hypo- 
pharynx and esophagus when the patient was su- 
pine. None of their patients were candidates for re- 
versal. Krespi et al’? modified Lindeman’s original 
technique to allow creation of a tracheoesophageal 
anastomosis in patients with a preexisting high tra- 
cheostomy. This involved partial resection of the 
cricoid cartilage and the first and second tracheal 
rings. This was performed successfully in five pa- 
tients without subsequent reversal. 


The successful use of the standard and modified 
Lindeman procedures in the pediatric population 
has been reported by Cohen and Thompson,* who 
describe four patients with Mobius’ syndrome vari- 
ants who had chronic aspiration secondary to multi- 
ple cranial nerve deficits. The loss of the ability to 
communicate vocally was considered to be a signifi- 
cant disadvantage in two of their patients. Only one 
patient may be a candidate for reversal of the pro- 
cedure. They felt that the modified Lindeman pro- 
cedure was as effective as and less complicated to 
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perform than the standard procedure. They ob- 
served “no evidence of damage from retention of 
secretions.” 


Gilbert et al? developed a management protocol for 
patients with long-term tracheostomy and aspiration. 
Patients with abnormal laryngeal protective function 
and absent laryngeal sensation or no laryngeal pro- 
tective function were identified as high-risk patients 
and were managed with laryngotracheal separa- 
tion. The experience with the Lindeman procedure 
and its modifications is summarized in Table 2.°° 


The ideal procedure for the surgical treatment of 
chronic aspiration has the following characteristics: 
simplicity, low morbidity, effectiveness, reliability, 
preservation of vocal and swallowing function, and 
reversibility. Techniques that have been described 
can be divided into four basic categories as previ- 
ously noted: glottic closure, supraglottic closure, la- 
ryngotracheal separation, and total laryngectomy. 


Closure of the glottis by suturing the vocal cords 
together has been found to be unreliable in the pres- 
ence of mobile vocal cords.® Glottic closure as de- 
scribed by Montgomery’? requires a thyrotomy with 
stripping of mucosa from the true and false vocal 
eords before suturing them together. Although reli- 
ability is increased with this technique, disadvan- 
tages include the need for a thyrotomy, loss of vocal 
function, and difficulty of reversal. A variation of 
Montgomery’s procedure was introduced by Sasaki 
et al'! in 1980 in an attempt to improve its chances 
for success. It employs a superiorly based sternohy- 
eid muscle flap that is sutured between the true and 
false vocal cords to effect a three-layer closure. It 
suffers from the same disadvantages as Montgomery's 
procedure and should be even more difficult to re- 
verse. Additionally, there is a potential for mu- 
cocele formation from trapped mucous glands with- 
in the laryngeal ventricle. 


Supraglottic closure to treat chronic aspiration 
was first described by Habal and Murray” in 1972. 
They sewed the epiglottis to the arytenoids and ad- 
vanced mucosal flaps from the pyriform sinuses for 
additional closure. Successful reversal of the flap 
was reported in 1975.'* Additional experience with 
this technique was reported by Strome and Fried"* 
in 1983. Sequential reversal of the procedure with 
creation of an opening in the epiglottis for phona- 
tion without aspiration was described. A similar 
technique was described by Biller et al’® that con- 
sists of sewing the mucosal margins of the aryepi- 
glottic folds and arytenoids together, leaving a 
small opening anteriorly at the tip of the epiglottis. 
This was recommended as an alternative to a total 
laryngectomy in patients undergoing a total glossec- 
tomy. The efficacy of this technique in preventing 
aspiration has not been established adequately. “Epi- 
glottopexy” was advanced by Krespi and Sisson"® as 
a technique for limiting aspiration in patients fol- 
lowing total or subtotal glossectomy. With their 


tect mique, the epiglottis is sewn to the pharyngeal 
wal in the midline. In six of ten patients, however, 
the epiglottis separated from the pharyngeal wall. 
The efficacy of this technique in preventing aspira- 
tior needs further documentation. A variation of 
Hael and Murray’s technique of supraglottic clo- 
sure was described by Brooks and McKelvie’ in 
19©. An opening is left in the midline posteriorly to 
allow phonation. Further experience with this tech- 
nique was reported by Laurian et al'* in 1986. The 
advantage of these techniques is preservation of 
pos» perative vocalization and the potential for en- 
dosepic reversal of the procedure. However, in 
ma notaining an opening large enough for vocaliza- 
tiom, there is still a risk of aspiration. Furthermore, 
twe of the four patients reported by Laurian et al 
recaired revisions because of dehiscence of sutures. 


Cannon and McLean” felt that a total laryngec- 
tory was the procedure of choice in patients with 
por prognoses, associated medical problems, and 
evEence of impaired wound healing. They felt that 
other procedures, although potentially reversible, 
wee fraught with complications and that patients 
selsem recovered sufficiently to be candidates for 
rep air of the larynx. Obvious disadvantages of a 
totel laryngectomy include a more extensive opera- 
tion. irreversibility, loss of phonation, permanent 
tracheostomy, and cosmetic deformity. 


her techniques reported to decrease the inci- 
deæe of aspiration following partial or total glos- 
sectomy and conservation laryngeal surgery are la- 
ryaceal suspension”®?' and subtotal and submucosal 
cr>oid resection.*? These techniques are of ques- 
ticqnable effectiveness, however, and are not applica- 
ble to the majority of patients with chronic aspira- 
tiom. The endoscopic placement of a laryngeal stent 
hz been described by Weisberger and Huebsch.” A 
pctential advantage of this technique is a greater 
ease of reversal, although laryngeal trauma and 
scarring from the stent remain a concern. 


CONCLUSION 


Dur experience with the modified Lindeman pro- 
cejure supports its continued use in patients with 
cam plications of chronic aspiration who cannot be 
m=maged by more conservative measures such as a 
tracheostomy. It is technically simpler to perform 
then the glottic or supraglottic closure techniques 
ard is more reliable in preventing aspiration. In pa- 
tie tts who are poor candidates for surgery, the mod- 
if=d Lindeman procedure can be performed easily 
wth local anesthesia in a minimal amount of time. 
C-mcerns about pooling of secretions and food in 
the subglottic blind pouch do not appear to be war- 
ramted. Healing has not been affected adversely and 
bzrium studies postoperatively have demonstrated 
erptying of the pouch when the patient is supine. 


This procedure allows for restoration of vocal 
faction if the protective function of the larynx sub- 


470 Snyderman & Johnson, Laryngotracheal Separation 


sequently recovers as demonstrated by our patient 3. 
Successful reversal has been reported by Lindeman 
and others.** In those patients who are not candi- 
dates for reversal of the procedure, vocal communi- 
cation may be achieved with the use of an electro- 


larynx. An alternative is a tracheoesophageal punc- 
ture with placement of a voice prosthesis. Although 
this has not been described in conjunction with the 
Lindeman procedure, it is also a reversible proce- 
dure with minimal morbidity or risk of aspiration. 


REFERENCES 


1. Logemann JA. Aspiration in head and neck surgical pa- 
tients. Ann Otol Rhinol Laryngol 1985;94:373-6. 


2. Kirchner JC, Sasaki CT. Surgery for aspiration. In: Sym- 
posium on the larynx. Otolaryngol Clin North Am 1984;17:49-56. 


3. Gillies JD, Seshia SS. Vegetative state following coma in 
childhood: evolution and outcome. Dev Med Child Neurol 1980: 
22:642-8. 


4. Lindeman RC. Diverting the paralyzed larynx: a reversi- 
ble procedure for intractable aspiration. Laryngoscope 1975;85: 
157-80. 


5. Lindeman RC, Yarington CT Jr, Sutton D. Clinical ex- 
perience with the tracheoesophageal anastomosis for intractable 
aspiration. Ann Otol Rhinol Laryngol 1976;85:609-12. 


6. Baron BC, Dedo HH. Separation of the larynx and trachea 
for intractable aspiration. Laryngoscope 1980;90:1927-32. 


7. Krespi YP, Quatela VC, Sisson GA, Som ML. Modified 
tracheoesophageal diversion for chronic aspiration. Laryngoscope 
1984;94: 1298-301. 

8. Cohen SR, Thompson JW. Variants of Mobius’ syndrome 
and central neurologic impairment. Lindeman procedure in chil- 
dren. Ann Otol Rhinol Laryngol 1987;96:93-100. 

9. Gilbert RW, Bryce DP, MclIlwain JC, Ross IR. Manage- 


ment of patients with long-term tracheotomies and aspiration. 
Ann Otol Rhinol Laryngol 1987;96:561-4. 


10. Montgomery WW. Surgery to prevent aspiration. Arch 
Otolaryngol 1975;101:679-82. 


11. Sasaki CT, Milmoe G, Yanagisawa E, Berry K, Kirchner 
JA. Surgical closure of the larynx for intractable aspiration. Arch 
Otolaryngol 1980;106:422-3. 


12. Habal MB, Murray JE. Surgical treatment of life-endan- 


gering chronic aspiration pneumonia. Plast Reconstr Surg 1972; 
49:305-11, 


13. Vecchione TR, Habal MB, Murray JE. Further experi- 
ences with the arytenoid-epiglottic flap for chronic aspiration 
pneumonia. Plast Reconstr Surg 1975;55:318-23. 


14. Strome M, Fried MP. Rehabilitative surgery for aspiration. 
A clinical analysis. Arch Otolaryngol 1983;109:809-11. 


15. Biller HF, Lawson W, Baek SM. Total glossectomy: a 
technique of reconstruction eliminating laryngectomy. Arch Oto- 
laryngol 1983;109:69-73. 


16. Krespi YP, Sisson GA. Reconstruction after total or sub- 
total glossectomy. Am J Surg 1983;146:488-92. 


17. Brookes GB, McKelvie P. Epiglottopexy: a new surgical 
technique to prevent intractable aspiration. Ann R Coll Surg Engl 
1983;65:293-6. 


18. Laurian N, Shvili Y, Zohar Y. Epiglotto-aryepiglottopexy: 
a surgical procedure for severe aspiration. Laryngoscope 1986; 
96:78-81. 


19. Cannon CR, McLean WC. Laryngectomy for chronic as- 
piration. Am J Otolaryngol 1982;3:145-9. 


20. Calcaterra TC. Laryngeal suspension after supraglottic 
laryngectomy. Arch Otolaryngol 1971;94:306-9. 


21. Goode RL. Laryngeal suspension in head and neck sur- 
gery. Laryngoscope 1976;86:349-55. 


22. Krespi YP, Pelzer HJ, Sisson GA. Management of chronic 
aspiration by subtotal and submucosal cricoid resection. Ann Otol 
Rhinol Laryngol 1985;94:580-3. 


23. Weisberger EC, Huebsch SA. Endoscopic treatment of as- 
piration using a laryngeal stent. Otolaryngol Head Neck Surg 
1982;90:215-22. 


XXI CONGRESS OF THE INTERNATIONAL ASSOCIATION OF LOGOPEDICS AND PHONIATRICS 


The XXI Congress of the International Association of Logopedics and Phoniatrics will be held Aug 6-10, 1989, in Prague. For further 
information, contact the Secretariat, XXI Congress of the International Association of Logopedics and Phoniatrics, Czechoslovak Medical 
Society J. E. Purkyne, 120 26 Prague 2, Vitezneho unora 31, Czechoslovakia; telephone 29 41 41-4, telex 121 293. 


Ann Otol Rhinol Laryngol 97:1988 


INDICATIONS FOR THE TRACHEOESOPHAGEAL DIVERSION 
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Impaired protective function of the larynx can lead to intractable aspiraton, a severe and potentially fatal disorder. If medical 
therapy fails to prevent intractable aspiration, surgical separation of the upper respiratory tract from the digestive tract is necessary to pre- 
vent recurrent contamination of the respiratory system in these patients. Two suct surgical procedures are the tracheoesophageal diversion 
procedure and the laryngotracheal separation procedure. Our approach to patierts with intractable aspiration and the indications for the 
use of these surgical procedures for the prevention of aspiration are discussed. 


KEY WORDS — aspiration, laryngotracheal separation, tracheoesophagea diversion. 


INTRODUCTION 


The human larynx provides three important 
functions: protection of the airway, airway main- 
tenance, and phonation. Impaired laryngeal pro- 
tective function can result in aspiration. Aspiration 
results in contamination of the respiratory tract and 
can cause various degrees of bronchopulmonary 
complications. The severity of these complications 
depends on the nature and the amount of the mate- 
rial aspirated. A spectrum of bronchopulmonary 
complications, ranging from a mild tracheitis or 
pneumonitis to fatal bronchopneumonia with ab- 
scess formation, can follow aspiration.'” 


The pathophysiolegic and anatomic abnormali- 
ties that predispose tc aspiration are described in re- 
cent reviews.*° Intractable aspiration usually re- 
sults from a loss of laryngeal protective function 
that is a consequence of impaired laryngeal motor 
activity and/or sensation. These aberrations in la- 
ryngeal function are associated with a variety of 
disorders. 


Cerebrovascular accidents, whether from athero- 
sclerotic thrombosis, cerebral embolism, intra- 
cranial hemorrhage from aneurysms or vascular 
malformations, or inflammatory diseases, are com- 
mon causes of aspiration. Degenerative diseases of 
the nervous system such as Parkinson’s disease, 
amyotrophic lateral sclerosis, progressive supra- 
nuclear palsy, and multiple sclerosis also can impair 
laryngeal protective function. Furthermore, intra- 
cranial tumors, anoxic brain injury, head injury, 
and drug intoxication similarly can predispose to as- 
piration. Intractable aspiration also can result from 
disorders of the hypopharynx and esophagus, such 
as neoplasms, cricopharyngeal dysfunction, Zenk- 
er’s diverticulum, achalasia, and gastroesophageal 


reflux. Severe loss of laryngeal protective function 
results in intractable aspiration with recurrent soil- 
age of the tracheobronchial tract. Therapeutic in- 
tervention is indicated for intractable aspiration to 
preven: potentially life-threatening complications. 


We -ecently reported our long-term experience 
with two surgical procedures for the treatment of 
intractable aspiration, the tracheoesophageal diver- 
sion procedure and the laryngotracheal separation 
procedure.’ The purpose of this paper is to discuss a 
systematic approach to the patient with aspiration 
and to delineate our indications for the use of these 
surgical procedures. 


Evamuation. In the evaluation of a patient with 
recurrent aspiration, a careful review of the medi- 
cal hiscory is important. Frequently, the cause of 
the dysfunction is apparent from historical data. In- 
quiries should be made into the history of systemic, 
CNS, zastrointestinal, or laryngeal disorders and 
their relationship to the onset of aspiration. Also, a 
history of trauma or previous surgery can be reveal- 
ing. 

A ttorough physical examination, including a 
careful examination of the head and neck with 
cranial nerve evaluation, should be performed. 
Laryneoscopy by either indirect mirror examina- 
tion or fiberoptic nasopharyngoscopy is performed 
to visualize the hypopharynx and larynx. If ade- 
quate visualization of these structures is not possible 
by these methods, such as in an intubated patient, 
direct laryngoscopy is indicated. 


Radiographic studies that may provide important 
diagnostic information include chest radiographs, 
compu-ed tomograms of the head and/or neck, soft 
tissue views of the neck, and barium cine-esophago- 
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TABLE 1. SURGICAL PROCEDURES FOR 
PREVENTION OF ASPIRATION 


Author Procedure 
Habal and Murray? Epiglottic flap closure of glottis 
Montgomery?’ Glottic closure 


Sasaki et al'° 

Tucker‘ 

Weisberger and Huebsch"! 
Lindeman"; Butcher’ 


Glottic closure with muscle flaps 
Tracheal externalization 
Laryngeal stent 
Tracheoesophageal diversion 


Krespi et al'? Tracheoesophageal diversion mod- 


ification 
Lindeman et al'* 
Baron and Dedo's 


Laryngotracheal separation 


Laryngotracheal separation modi- 
fication 





grams. Esophagoscopy is performed if history, 
physical findings, or other studies suggest an esoph- 
ageal disorder. Other studies that may be helpful 
include pulmonary function tests or esophageal 
manometry. 


Initial Approach. After intractable aspiration is 
identified, aspiration prevention by nonsurgical 
measures is attempted. Any pulmonary complica- 
tion of aspiration is treated, and aggressive pulmo- 
nary toilet is undertaken. Oral intake should be dis- 
continued, and an alternative route of alimentation 
instituted. Nutrition can be provided by an enteral 
route such as nasogastric tube, gastrostomy, or je- 
junostomy, or by parenteral hyperalimentation. 
Emesis and reflux can be prevented by nasogastric 
suction, by positioning of the patient, or with medi- 
cations such as metoclopramide (Reglan). 


Surgical Treatment. If the above medical man- 
agement fails to prevent aspiration, surgical inter- 
vention is indicated. A number of procedures have 
been described for the surgical treatment of aspira- 
tion (Table 1°:**""*)."°'” The advantages and disad- 
vantages of these procedures are discussed else- 
where.” '8 


Tracheotomy with placement of a cuffed trache- 
otomy tube as a surgical procedure to prevent aspi- 
ration is to be discouraged. A tracheotomy tube is 
effective for airway control and for facilitation of 
pulmonary toilet in patients with aspiration. It 
may, however, predispose to aspiration because of 
impaired laryngeal elevation during degluti- 
tion. '™>! In some patients, an inflated tracheotomy 
tube actually may cause a physiologic obstruction of 
the cervical esophagus.’ 


If aspiration is a result of isolated unilateral vocal 
cord paralysis, then glottic aperture obliteration is 
established by vocal cord injection. In a patient in 
whom the possibility of spontaneous recovery of 
vocal cord function exists, Gelfoam paste is in- 
jected.” Gelfoam is resorbed slowly over a 6- to 
10-week period following injection.”? In cases in 
which permanent vocal cord paralysis is expected or 
spontaneous recovery does not occur, Teflon, a 


TABLE 2. CAUSES OF ASPIRATION IN 31 PATIENTS 
TREATED WITH SURGERY 





No. of 


Disorder Patients 


Cerebrovascular accident 8 


Degenerative neurologic disorders 
Amyotrophic lateral sclerosis 
Parkinson’s disease 
Progressive supranuclear palsy 
Vagus neuropathy of unknown cause 
Brain stem gliosis 


m — bo NWO bd 


Intracranial tumors 
Acoustic neuroma 
Cerebellar hemangioblastoma 
Medulloblastoma 


Head injury 


bo = — N 


Status post resection for head and neck tumors 
(squamous cell carcinoma) 


Tongue 2 
Supraglottic larynx 


Respiratory failure — various causes 6 


nonabsorbable material, is injected.??* Vocal cord 
injection, however, will not restore laryngeal pro- 
tective function in severe cases of glottic incompe- 
tence. 


Cricopharyngeal dysfunction usually is diagnosed 
by either barium cine-esophagram, esophageal ma- 
nometry, or esophagoscopy. A transcervical crico- 
pharyngeal myotomy is the procedure of choice in 
patients with aspiration related to cricopharyngeal 
muscle dysfunction.*?5 


Narrow-field laryngectomy is an excellent proce- 
dure for the definitive separation of the upper diges- 
tive and respiratory systems in the prevention of as- 
piration.” Total laryngectomy, however, is a major 
surgical procedure with the potential complication 
of a pharyngocutaneous fistula.*” No possibility of 
subsequent surgical reversal exists following laryn- 
gectomy. 


In 1975, the tracheoesophageal diversion proce- 
dure was described by Lindeman.'’? His objective 
was to perfect a dependable technique whereby the 
respiratory tract could be fully and consistently pro- 
tected from aspiration for an indefinite period of 
time with preservation of the malfunctioning larynx 
and its neural input. At the same time, the proce- 
dure was designed to be reversible in case normal 
laryngeal protective function subsequently re- 
turned. The procedure originally was performed 
successfully in a series of dogs and then in one pa- 
tient. 


In 1976, further clinical experience with the 
tracheoesophageal diversion procedure in four pa- 
tients was reported by Lindeman et al.'* In addi- 
tion, the laryngotracheal separation procedure, a 
modified diversion procedure with a blind enclo- 
sure of the proximal trachea, was described for pa- 
tients who previously had undergone tracheotomy. 
The laryngotracheal separation procedure was per- 
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Fig 1. Lateral views of A) trache- 
oesphageal diversion procedure 
and B) laryngotracheal sey aration 
procedure (from Lindeman et 


al'*), 





formed in two patienzs. Aspiration was prevented in 
all six patients undergoing either procedure. Two 
petients underwent reconstruction following the 
tracheoesophageal diversion procedure with resul- 
tant normal laryngeel and esophageal function. 


MATERIAL AND METHODS 


The long-term outeome of these two surgical pro- 
cedures recently has been reviewed retrospectively.’ 
Tc date, the tracheoesophageal diversion procedure 
and the laryngotracheal separation procedure have 
been performed successfully in 14 patients and 17 
patients, respectively, at the Virginia Mason Medi- 
ca. Center, Seattle. 


Table 2 lists the medical problems associated 
with intractable aspiration for which we have em- 
ployed the tracheosophageal diversion and laryngo- 
tracheal separetion procedures. Cerebrovascular 
accidents, degenerative neurologic disorders, and 
intracranial tumors were the most common causes 
of aspiration. 


The surgical techniques of both the laryngotra- 
cheal separation procedure and the tracheoesoph- 
ageal diversion procedure are well described by 
Eisele et al.’ Briefly in the tracheoesophageal di- 
version procedure, the trachea is divided horizon- 
tally between the fourth and fifth tracheal rings. 
The proximal tracheal segment then is anastomosed 
in an end-to-side fashion to an anterior esophagot- 
omy. The distal tracea is brought out to the skin as 
a tracheostoma (Fig 1A"). 


In the laryngeal separation procedure, the tra- 
chea is divided horizontally between the second and 
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thirc -racheal rings or at the level of a preexisting 
tracLeotomy. The proximal tracheal lumen is then 
closed anteroposteriorly in several layers so as to 
form £ subglottic tracheal pouch. The distal trache- 
al sezment is brought out to the anterior neck skin 
as a racheostoma (Fig 1B"). 


The tracheoesophageal diversion procedure was 
choser. if an adequate tension-free tracheoesopha- 
geal anastomosis could be performed. Five patients 
with £ prior tracheotomy had tracheal segments of 
adecuate length superior to the tracheotomy site to 
allow for the anastomosis. The remaining patients 
with a prior tracheotomy underwent the laryngo- 
tracheal separation procedure. Two elderly patients 
with severe underlying medica! problems and with- 
out a prior tracheotomy underwent a laryngotra- 
chea separation procedure primarily, early in our 
seric, in order to reduce operative time. The cause 
of a» ration did not influence the choice of surgical 
procedure. 


RESULTS 


Aspiration was prevented successfully in all 31 
patierts. Five patients underwent reversal of their 
aspi: ation procedure with satisfactory tracheal and 
esopnageal healing and with the establishment of 
an ajequate airway and good speech. A majority of 
patierts (17) tolerated oral alimentation postopera- 
tively with both procedures. No problems related to 
subdcttic pooling were observed in those patients 
who underwent the laryngotracheal separation pro- 
cedure. 


Complications of both procedures were minor, 
and all occurred in patients who had a previous 
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Pulmonary Toilet 
NPO 
Tube Enteral Alimentation 


Improvement Intractable 
Aspiration 


No tracheotomy High Tracheotomy 


Low tracheotomy 
Laryngotracheal 
Separation Procedure 


Fig 2. Algorithm for management of patient with intracta- 
ble aspiration. NPO — non per os. 











Tracheoesophagea| 
Diversion Procedure 





tracheotomy. The most common complication was 
a tracheocutaneous fistula from the subglottic 
tracheal pouch of the laryngotracheal separation 
procedure and occurred in three patients. Even 
when fistulization occurred, the fistula secretions 
were controlled easily and recurrent aspiration was 
prevented. Two of these fistulas closed spontane- 
ously with local care and antibiotics. One addition- 
al patient developed tracheitis 1 year after undergo- 
ing a tracheoesophageal diversion procedure. This 
resolved with antibiotics. 


DISCUSSION 


The tracheoesophageal diversion procedure is 
recommended as the primary surgical procedure for 
the prevention of intractable aspiration. It is 
favored over the laryngotracheal separation pro- 
cedure because the tracheoesophageal anastomosis 


allows secretions and oral intake that have passed 
into the larynx to drain into the esophagus. Pooling 
in a subglottic tracheal pouch is avoided. In addi- 
tion, tracheal reconstruction for reversal of the aspi- 
ration procedure is easier with the long proximal 
tracheal segment of the tracheoesophageal diver- 
sion procedure than with the relatively short sub- 
glottic tracheal segment of the laryngotracheal sep- 
aration procedure. 


A high tracheotomy precludes the establishment 
of a tension-free tracheoesophageal anastomosis. In 
the setting of a prior tracheotomy, the laryngotra- 
cheal separation procedure is preferred initially. A 
previously placed tracheotomy tube makes subse- 
quent tracheal surgery difficult because of local tis- 
sue reaction and fibrosis. Identification and preser- 
vation of the recurrent laryngeal nerves is easier in a 
nontracheotomized patient. Furthermore, a preex- 
isting tracheotomy increases the risk of complica- 
tions such as infection and tracheocutaneous fistula 
when either procedure is performed.’ 


Of the several methods described above and the 
other procedures described elsewhere,*6:8-1!1.13.16.17 
we consider the tracheoesophageal diversion and 
laryngotracheal separation procedures the pre- 
ferred methods of surgical control of intractable as- 
piration because of their reliability in preventing as- 
piration, reversibility, and low morbidity.’ A sim- 
ple plan we use for the approach to the patient with 
intractable aspiration and the choice of the ideal 
surgical procedure is shown in Fig 2. Other possible 
surgical procedures for aspiration are omitted from 
this algorithm because of either lack of reversibility 
or lack of uniform success in preventing aspiration. 
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COMPUTED TOMOGRAPHY IN DETERMINING LARYNGEAL 
INVOLVEMENT OF HYPOPHARYNGEAL CARCINOMA 
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In 22 patients with hypopharyngeal carcinoma, the extent of laryngeal involvement was estimated preoperatively by means of com- 
puted tomography and visual inspection including mirror examination and fiberscopic and strobofiberscopic video recordings. All patients 
underwent laryngopharyngectomy, and the surgical specimens were subjected to a whole organ section study. The results of the 
preoperative evaluations were related to the histopathologic findings. Computed tomography was reliable for the estimation of paraglottic 
space involvements. It was also useful in detecting carcinomatous invasion into the preepiglottic space and aryepiglottic fold, but there 
were some false positives for these structures. It was not always reliable in assessing invasion of the laryngeal cartilages. It provided a very 
accurate estimation of involvement for the thyroarytenoid muscle and a considerably accurate assessment for the lateral cricoarytenoid and 
interarytenoid muscles and the recurrent laryngeal nerve. It was useful in detecting involvement of the posterior cricoarytenoid muscle, 
but there were a fair number of false positives. For the cricothyroid muscle, the estimation based on CT was not very reliable. Some er- 
roneous judgments on CT were corrected in a comprehensive evaluation that included visual inspection. 


KEY WORDS — carcinoma involvement of larynx, computed tomography, histopathology, hypopharyngeal carcinoma. 


The results of our recent histopathologic study of 
hypopharyngeal carcinomas indicated that total 
laryngectomy could have been avoided in 18 of 38 
cases investigated if the extent of carcinomatous in- 
vasion had been precisely determined preoperative- 
ly. The question that remained, then, was how to 
determine the extent of carcinomatous involve- 
ment. 


Computed tomography has been recommended 
for estimation of the extent of lesions in cases of 
laryngeal cancer.?"* The purposes of this study are 
to investigate the accuracy of CT in determining in- 
volvement of important laryngeal structures in- 
cluding the cartilages, muscles, spaces, aryepiglot- 
tic folds, and recurrent laryngeal nerve and to in- 
vestigate how accurately a comprehensive evalua- 
tion that includes CT can determine preoperatively 
the extent of laryngeal involvement in cases of car- 
cinoma of the hypopharynx. 


METHODS 


A total of 22 patients who underwent laryngo- 
pharyngectomy for hypopharyngeal carcinoma 
were subjected to this investigation. Of the 22 cases, 
16 were pyriform sinus carcinomas (one Tl, two 
T2, ten T3, and three T4), four were postcricoid 
carcinomas (two T2 and two T3), and two were 
posterior wall carcinomas (both T2). Of the 22 pa- 
tients, 12 were treated with primary surgery and 
ten with preoperative chemotherapy. 


Three types of studies were conducted with each 
patient: preoperative estimation of the extent of 
laryngeal invasion with the use of computed tomog- 
raphy, preoperative assessment of the extent of 
laryngeal involvement by means of visual inspec- 
tion, and a whole organ section study of surgical 
specimens. The preoperative estimations were con- 
ducted before the preoperative chemotherapy. 


Computed Tomography. The apparatuses em- 
ployed were a TCT 60A (Toshiba) and a GE 9800 
(General Electric). The slice thickness was 2 mm 
and the scanning time was 4.5 or 5 seconds. No 
overlap technique was employed. 


The thyroid cartilage was estimated to be in- 
volved when one or more of the following findings 
were observed: asymmetry of the marrow cavity 
near the posterior edge of the bilateral laminae, 
nonappearance of a radiolucent area medial to the 
inner perichondrium near the posterior edge, and 
destruction of the normal contour. The first two 
were employed in an attempt to detect early inva- 
sion. The cricoid cartilage was judged to be invaded 
when the normal contour was unclear at the arch. 
The arytenoid cartilage was predicated to be in- 
vaded when its opacity differed from that of the 
contralateral side. 


The major laryngeal muscles, ie, the thyroaryte- 
noid, lateral cricoarytenoid, interarytenoid, poste- 
rior cricoarytenoid, and cricothyroid muscles, were 
evaluated on the basis of an increased opacity. For 
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TABLE 1. RESULTS OF ESTIMATION OF 
CARCINOMATOUS INVASION BY MEANS 
OF COMPUTED TOMOGRAPHY 


Histologically Histologically 
Positive Negative 
Correct False Correct False 
P N N P 

Castilage 

Thyroid 3 2 13 4 

Cricoid ] 0 20 l 

Ærytenoid l ] 15 5 
Mu-cle 

Thyroarytenoid 8 0 13 l 

Lateral cricoarytenoid 6 2 13 ] 

Interarytenoid 13 l 6 2 

Posterior cricoarytenoid* 0 6 6 

Cricothyroid l 2 19 0 
Spare 

Faraglottic, FF 11 0 10 l 

Faraglottic, VF 9 0 12 l 

Freepiglottic 4 0 13 5 
Ary2piglottic fold 13 0 5 4 
Recurrent laryngeal nerve 3 l 17 l 


F — positive, N — negative, FF — false vocal fold level, VF — true 
vocal fold level. 


*Estimation not available in one patient. 


the posterior ericoarytenoid muscle, nonappear- 
ance of a radiolucent area posterior to the cricoid 
cartilage was also evaluated as a sign of involve- 
ment. 


The paraglottic space was estimated to be in- 
volved when radio-opacity was increased. The eval- 
uatiam was conducted at two levels: the level of the 
false ocal fold and that of the true vocal fold. The 
pree} glottic space also was evaluated on the basis 
of opacity. The aryepiglottic fold was estimated to 
be involved when an increase in opacity with or 
witheut an additional mass was noted. An involve- 
ment f the recurrent laryngeal nerve was estimated 
wher the radiolucent area posteromedial to the cri- 
cothy-oid joint was absent. 


The evaluation was conducted by three special- 
ists, and the ultimate estimation was made by the 
decision of the majority. 


Viswal Inspection. The preoperative visual in- 
spectitn was conducted with mirror examination 
and fberscopic and strobofiberscopic video record- 
ings. 


The thyroarytenoid and lateral cricoarytenoid 
musc_2s were estimated to be invaded when three or 
more >f the following conditions were found: im- 
pairec vocal fold movement, medial shift of the 
vocal fold edge, bulging of the lower aspect of the 
vocal old, a decrease in or absence of mucosal wave 
viewei under stroboscopy, and presence of carci- 
nometous lesion on the medial wall of the pyriform 
sinus at the level of the vocal fold. The inter- 





Fig 1. Computed tomograms and histopathologic photographs. A) Invavement (large arrows) of thyroid cartilage (TC). 
Thyroarytenoid (TA) and lateral cricoarytenoid (LCA) muscles are also invo'ed on affected side. CC — cricoid cartilage, small ar- 
row — normal radiolucent area medial to posterior edge. B) Invasion (arrows) of posterior portion of thyroarytenoid muscle (TA). 
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Fig 2. Computed tomograms and histopathologic photographs. A) Involvement (large arrows) of posterior cricoarytenoid muscle 
(PCA). Small arrow — normal radiolucent area posterior to cricoid cartilage. B) Invasion (arrows) of interarytenoid muscle (IA). 


Paraglottic space (PGS) is also involved posteriorly. 


arytenoid muscle was assessed to be involved when 
three or more of the following findings were pres- 
ent: carcinomatous lesion of the arytenoid emi- 
nence, impaired movements of the arytenoid emi- 
nence, impaired movements of the interarytenoid 
notch, and absence of bulging of the posterior as- 
pect of the arytenoid eminence during phonation. 
In normal subjects, contraction of the interaryte- 
noid muscle usually causes a bulge of the posterior 
aspect of the arytenoid eminence. The posterior 
cricoarytenoid muscle was estimated to be involved 
when three or more of the following findings were 
observed: fixation of the arytenoid eminence, fixa- 
tion of the vocal fold, carcinomatous lesion of the 
posterior aspect of the interarytenoid notch, and an 
involvement of the apex of the pyriform sinus. The 
cricothyroid muscle was judged to be involved 
when a subglottic swelling was observed at the level 
of the cricothyroid space. 


The false vocal fold level of the paraglottic space 
was estimated to be involved when two or more of 
the following findings were present: swelling of the 
false fold, swelling of the lateral wall posterior to 
the false fold, and narrowing of the laryngeal ven- 
tricle. The true vocal fold level of the paraglottic 
space was predicted to be invaded when a medial 
shift of the vocal fold, fixation of the vocal fold, or 


both was observed. An involvement of the preepi- 
glottic space was conjectured to be present when a 
swelling was noted in the vallecula. An involvement 
of the aryepiglottic fold was determined from the 
presence of lesion on it. 


The evaluation was made by three specialists for 
each patient, and ultimate estimation was based on 
majority rule. We did not attempt to estimate car- 
cinomatous involvement of the cartilages and recur- 
rent laryngeal nerve by means of visual inspection, 
because we could not find any reasonable way to do 
this. 


Whole Organ Section Study. All surgical speci- 
mens were subjected to a whole organ section study. 
Transverse sections were employed. The histopath- 
ologic findings were related to the preoperative 
estimation on the basis of CT and visual inspection. 


RESULTS 


COMPUTED TOMOGRAPHY VERSUS 
HISTOPATHOLOGY 


Table 1 shows the results of estimation of car- 
cinomatous invasion into various laryngeal struc- 
tures based on CT findings. 


Laryngeal Cartilages. The cartilages were histo- 
pathologically involved in a small number of pa- 
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Fig 3. Computed tomograms and histopathologic photographs. A) Paragiottic space (PGS) involvement (large arrows) at level of 
false vocal fold (small arrow). B) Paraglottic space (PGS) involvement (arrows) at level of vocal fold. 


tients in the present series: the thyroid cartilage in 
five, the cricoid cartilage in one, and the arytenoid 
cartilage in two patients. Two of the five thyroid le- 
sions and one of the two arytenoid involvements 
were not detected with CT. There were also several 
false positives. 


Laryngeal Muscles. The histopathologic study re- 
vealed that carcinoma invaded the thyroarytenoid 
muscle in eight cases, the lateral cricoarytenoid in 
eight, the interarytenoid in 14, the posterior crico- 
arytenoid in nine, and the cricothyroid in three. 
The estimation based on CT was very accurate for 
the thyroarytenoid muscle, and it was correct for 
the majority of the lateral cricoarytenoid and inter- 
arytenoid muscles. For the posterior cricoarytenoid 
muscle, there were a considerable number of false 
positives. Two of the three cricothyroid muscle in- 
volvements were not predicted with CT. 


Laryngeal Spaces. The paraglottic space was 
histopathologically invaded in 11 cases at the level 
of the false vocal fold and in nine cases at the level 
of the true vocal fold. The evaluation based on CT 
was accurate in all but one case. The preepiglottic 
space was histopathologically positive in four cases. 
The involvements all were found on CT, but there 
were some false positives. The false-positive find- 
ings occurred when the hypoepiglottic ligament, 


thyrcepiglottic ligament, and/or adjacent glands 
were asymmetric. 


Aryepiglottic Fold. The histopathologic study re- 
vealed that the aryepiglottic fold was involved in 13 
cases. They were all evaluated correctly by means 
of CT. There were, however, some false positives. 


Fecurrent Laryngeal Nerve. An involvement of 
the recurrent laryngeal nerve was observed bv his- 
topathology in four cases. The evaluation by CT 
was eorrect in the majority of cases. 


Figures 1 through 4 demonstrate some CTs and 
histodathologic photographs of various laryngeal 
structures. 


VISUAL INSPECTION VERSUS HISTOPATHOLOGY 


Teble 2 presents the results of estimation based 
on v sual inspection. 


Leryngeal Muscles. In the majority of the cases, 
the stimations for the thyroarytenoid, lateral crico- 
arytenoid, interarytenoid, and posterior cricoaryte- 
noid muscles were correct. The one involvement of 
a crizothyroid muscle was not determined by visual 
inspection. 


Laryngeal Spaces. Involvement of the paraglottic 
space at the level of the false vocal fold was correct- 
ly estimated in all cases. The estimation of paraglot- 
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Fig 4. Computed tomograms and histopathologic photographs. A) False-positive computed tomographic findings (arrow) for 
preepiglottic space (PES). B) Involvement (arrows) of recurrent laryngeal nerve (RLN). On unaffected side, there is radiolu- 


cent area posteromedial to cricothyroid joint (CTJ). 


tic space invasion at the level of the true vocal fold 
was not accurate in some cases. Involvements of the 
preepiglottic space were evaluated correctly in all 
but one case. 


Aryepiglottic Fold. Involvements of the aryepi- 
glottic fold were determined in most cases. There 
was one false-positive case in which exophytic car- 
cinomatous lesion lay on the aryepiglottic fold. 


COMPREHENSIVE EVALUATION 


Thus far we have discussed the accuracy of esti- 
mation of carcinomatous invasion of each structure 
of the larynx based on CT and visual inspection 
separately. Clinicians usually employ comprehen- 
sive evaluation based on all information available. 


Table 3 shows results of a combined use of CT 
and visual inspection for preoperative estimation of 
carcinomatous invasion. There were still some false- 
positive (underlined in Table 3) and false-negative 
(circled in Table 3) cases for each structure. 


False-positive cases occurred for various struc- 
tures. In some cases, the false-positive CT findings 
for some selected structures could be corrected on 
the basis of a comprehensive evaluation. In one case 
with false-positive CT findings for the interary- 
tencid muscle, one case for the posterior crico- 
arytenoid muscle, and three cases for the aryepi- 


glottic fold, the false findings were corrected be- 
cause the structure was away from the lesion under 
visual inspection and no possibility of involvement 
was suspected. In two cases with false-positive 
visual findings for the true vocal fold level of the 
paraglottic space, the wrong estimation was cor- 
rected because the lesion was away from the struc- 
ture and there were no signs of an involvement of 
the false vocal fold level of the paraglottic space. In- 


TABLE 2. RESULTS OF ESTIMATION OF 
CARCINOMATOUS INVASION BY MEANS 
OF VISUAL INSPECTION 


Histologically Histologically 
Positive Negative 
Correct False Correct False 
P N N P 
Muscle 
Thyroarytenoid and 
lateral cricoarytenoid 6 2 13 l 
Interarytenoid 14 0 { l 
Posterior cricoarytenoid 8 ] 10 3 
Cricothyroid* 0 l 18 0 
Space 
Paraglottic, FF 1] 0 1] 0 
Paraglottic, VF 7 2 10 3 
Preepiglottic 3 l 18 0 
Aryepiglottic fold 12 l 8 l 


P — positive, N — negative, FF — false vocal fold level, VF — true 
vocal fold level. 


*Estimation not available in three patients. 
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TABLE 3. RESULTS OF COMBINED USE OF COMPUTED T@MOGRAPHY AND VISUAL INSPECTION 
FOR ESTIMATION OF CARCINOMaIOUS INVASION 








CTF CT P CT N CT N 
Visual P Visual z Visual P Visual N 
P N P ww f N P N 
Muscle 
Thyroarytenoid 6 1 2 a 0 0 0 13 
Lateral cricoarytenoid 6 1 0 + 0 0 @ 13 
Interarytenoid 13 0 0 2 ] T 0 5 
Fosterior cricoarytenoid* 8 2 l 4 0 p3 0 5 
Cricothyroidt 0 0 0 9 0 0 © 18 
Space 
Earaglottic, FF 11 0 0 p! 0 0 0 10 
Earaglottic, VF 7 E 2 D 0 2 0 10 
Freepiglottic 3 0 l 5 0 0 0 13 
Aryepiglottic fold 12 es ] 3 0 0 0 5 


CT — computed tomography, P — positive, N — negative, underlined — 


true vocal fold level. 
*CT estimation not available in one patient. 
t Visual estimation not available in three patients. 


vaivements of the paraglottic space begin at the 
level of the false fold.! 


False-negative estimation took place only for the 
lateral cricoarytenoid and cricothyroid muscles. 
When these muscles were involved, the lesion was 
so advanced that an indication for laryngectomy 
was clearly established regardless of the negative 
findings for these structures. 


DISCUSSION 


Diagnostic values of CT for laryngeal carcinoma 
have been emphasized by several investigators.?~° 
Cemputed tomography has been reported to be par- 
ticularly useful in assessing carcinomatous invasion 
of the paraglottic and preepiglottic spaces.?> 5-7-8 
The value of CT for estimation of tumor spread into 
the aryepiglottic fold and the pyriform sinus ap- 
pears to be controversial.?>578 As for involvement 
of the laryngeal cartilages, most previous reports 
agree that CT is the most reliable technique among 
the existing modalities available, but it is accom- 
panied by some pitfalls and limitations.?:*-* Involve- 
ment of the laryngeal muscles and nerves has not 
been elaborated in CT investigations. Studies on CT 
for laryngeal involvement of hypopharyngeal carci- 
nema have been limited. 


The results of the present study indicate that in 
general, CT is useful in assessing the extent of 
laryngeal involvement. It was particularly valuable 
for the paraglottic space. Carcinomatous invasion 
of the preepiglottic space and aryepiglottic fold was 
carrectly detected with CT, but there were some 
fa.se-positive cases. Computed tomography was not 
always reliable in assessing invasion into the car- 
tilages, agreeing with the previous reports on laryn- 
geal carcinomas. Involvements of some laryngeal 
muiscles were estimated accurately by means of CT. 
The accuracy was very high for the thyroarytenoid 


false post ve, circled — false negative, FF — false vocal fold level, VF — 


musee and considerably high for the lateral cri- 
coarvtenoid and interarytenoid muscles. For the 
poste~.or cricoarytenoid muscle, there were some 
oversstimations. Computed tomography was not 
very liable for the cricothyroid muscles. The ac- 
curacy of assessment of recurrent laryngeal nerve 
invo ~2ment was also fairly high. 


Same erroneous judgments on CT, especially 
oversstimations, could be corrected in the compre- 
hens: ve evaluation that included visual inspection. 
Complete accuracy, however, was not obtained, 
even in the comprehensive evaluation. 


Fron a surgical point of view, underestimations 
can C£use more serious problems than overestima- 
tions. Underestimations may result in death of pa- 
tien caused by undertreatment, whereas overesti- 
matins may sacrifice function but not the life. In 
this regard, false-negative cases will be discussed in 
the te lowing paragraph. 


Th= two false-negative cases for the thyroid car- 
tilage were T3 and T4 pyriform sinus cases, respec- 
tive. both presenting with a large extent of 
larynzeal involvement including the paraglottic 
space and the thyroarytenoid and interarytenoid 
muse-es. There was, therefore, no possibility of in- 
dicat ng conservation surgery for these two cases. 
The «alse negative for the arytenoid cartilage was 
the same case as one of the false negatives for the 
thyraid cartilage. The two false-negative cases for 
the Eteral cricoarytenoid muscle and the two false- 
negative cases for the cricothyroid muscle were ad- 
vanced cases of pyriform sinus carcinoma. Again, 
there was no possibility that conservation surgery 
coulc be indicated. In the false-negative case for the 
interarytenoid muscle, the erroneous estimation 
was eorrected by visual inspection, as mentioned 
previcusly. The false-negative case for the recurrent 
larymceal nerve was an advanced T3 pyriform sinus 
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case for which conservation surgery could never be It appeared to be extremely difficult to avoid 
considered. Thus, undertreatment would have been overtreatment based on overestimation of the extent 
avoided in the limited number of patients in the of lesion in some cases, even when CT was com- 
present study. bined with other diagnostic modalities. 
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THYROGLOSSAL DUCT REMNANTS IN INFANTS AND CHILDREN: 
REEVALUATION OF HISTOPATHOLOGY AND METHODS 
FOR RESECTION 


MARK A. HOFFMAN, MD, FRCS(C) 
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BosTON, MASSACHUSETTS 


Established principles for the management of thyroglossal duct remnants have been accepted widely since Sistrunk’s description of the 
operative procedure in 1928. Nevertheless, inadequate excisions and troublesome recurrences still are encountered. We have reviewed 90 
infants and children treated at The Children’s Hospital in Boston over a 25-year period. Ten patients referred to our institution after an 
average of 2.4 prior operations per patient elsewhere suffered a recurrence rate of 30% after very wide reexcision. The remaining 80 pa- 
tients who underwent primary excision at our institution had a 6.3% recurrence rate. All recurrences were managed successfully by fur- 
ther. wider excision. Histologic review demonstrated variability in patterns of drainage of the tract into the oropharynx, with accessory 
tracts and alveolar outpouchings off the main duct being present in 7.8% of specimens. This study demonstrates that the greatest oppor- 
tunity for curative resection is at initial presentation, and that previous inadequate or unsuccessful excision is a major risk factor for further 
recurrence. The variability in microscopic anatomy of thyroglossal duct remnants can account for recurrent disease after lesser procedures, 
and underscores the importance of wide dissection above the hyoid bone. Our eperative methods are illustrated. 


KEY WORDS — thyroglossal cyst, thyroid gland. 


The successful management of thyroglossal duct 
remnants is predicated upon a sound understanding 
of the embryogenesis of the thyroid gland and the 
histopathology of the lesion. The thyroid anlage 
originates at the foramen cecum and descends ante- 
rior to the pharynx as a bilobed diverticulum, main- 
taining a stalklike attachment to the base of the 
tongue.’ The hyoid bone divides this tract into up- 
per and lower segments during the second gestational 
month, while the thyroid assumes its final position 
anterior to the trachea in the root of the neck.* The 
tract finally is obliterated, and failure of the oblit- 
erative process, or retained epithelial rests along the 
tract, form the basis for the development of thyro- 
glossal duct cysts.* There is no normal communica- 
tion between the thyroglossal duct sinuses, and fis- 
tulas are a secondary feature of the disease, either as 
a result of spontaneous or surgical drainage of in- 
fected cysts, or as the end-product of an inadequate 
excision.*° 


The tissue structure of the tract varies from col- 
umnar to stratified squamous epithelium, and asso- 
ciated ectopic thyroid tissue is found in 3% to 8% of 
specimens.”* Accessory tracts and variable patterns 
of drainage to the floor of the mouth also have been 
demonstrated.‘ 


The principles of surgical management of thyro- 
glossal duct remnants have enjoyed wide accep- 
tance. In 1893, Schlange’ advocated resection of the 
median portion of the hyoid bone. Sistrunk*’ codi- 
fied the surgical techniques in 1928 and described 
the “secret of cure” as being the removal of a gener- 


ous p/ug of muscle surrounding the tract above the 
hyoic bone, together with avoidance of the tract 
proper. The rationale behind his admonition was 
that the tract was delicate in this area and easily 
subjeet to avulsion.®'® As we shall show, the surgi- 
cal technique that he recommended for complete 
excision of a thyroglossal duct cyst and sinus tract 
remams the procedure of choice. The surgical tech- 
nique he proposed remains valid, but his rationale 
for using it is somewhat faulty. 


The purpose of this report is to relate our institu- 
tional experience in the management of primary 
and recurrent thyroglossal duct disease. We present 
a histepathologic accounting for recurrent prob- 
lems and outline our present surgical method that is 
designed to avoid such recurrences. 


PATIENTS 


The charts of 90 infants and children treated at 
The Children’s Hospital, Boston (TCHB), during 
the period 1955 to 1980 were reviewed. All had 
histologically proven thyroglossal remnants. 
Follow-up information was obtained from clinic 


TABL® 1. AGE AND SEX DISTRIBUTION OF PATIENTS 


Sex 
Age ‘yr) Male Female Total 
Less than 2 5 8 13 ( 14%) 
2to4 19 16 35 ( 39%) 
5 to 3 12 1] 23 ( 26%) 
More than 10 10 9 19 ( 21%) 
Tota! 46 (51%) 44 (49%) 90 (100%) 
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TABLE 2. CLINICAL PRESENTATION OF PATIENTS 
A TA TLN ALIN UEP TALIENIS — 


Presenting Complaint No. Patients 
Neck mass 70 (78%) 
Infected cyst 14 (16%) 
Draining sinus o ( 6%) 


Neck pain 1 (1%) 


Includes ten patients (11% of study population) referred to The Chil- 
dren’s Hospital, Boston, with recurrent disease. 


and office records. The age and sex distribution are 
shown in Table 1. The clinical presentation of the 
patients is shown in Table 2. 


Ten of these patients were referred to TCHB af- 
ter unsuccessful surgical treatment elsewhere and 
had undergone an average of 2.4 prior procedures 
per patient. The nature and number of these proce- 
dures is shown in Table 3. All patients underwent 
very wide reexcision. 


Of the remaining 80 patients, three manifested 
sufficient infection to necessitate incision and drain- 
age 3 months prior to definitive excision. 


RESULTS 


There were eight recurrences among the 90 pa- 
tients, for an overall recurrence rate of 8.8% . Three 
of these recurrences occurred in the group of ten pa- 
tients referred to TCHB after unsuccessful surgical 
treatment elsewhere, yielding a recurrence rate of 
30% for this population. When these patients are 
excluded, the recurrence rate for those patients un- 
dergoing primary excision at TCHB was 6.3%. 


The average time interval to recurrence was 7.6 
months (range, 1 month to 2 years). The average fol- 
low-up period was 13 years (range, 2 to 25 years). 


COMPLICATIONS 


There were no operative deaths. Three early and 
two late complications were noted. The early group 
consisted of a postoperative wound hematoma re- 
quiring evacuation, a staphylococcal wound infec- 
tion requiring drainage, and a suture granuloma that 
was excised 1 month postoperatively. The late group 
consisted of a sterile neck abscess drained 3 months 
postoperatively and a “stitch” abscess drained 2 
years postoperatively. The overall complication rate 
was 5.5% (early, 3.3%; late, 2.2%). 


RECURRENT DISEASE 


In the group of eight patients suffering recurrence 
after very wide excision or reexcision at TCHB, five 
were boys and three were girls. The average age 
was 4.5 years (range, 1 to 11 years). The presenta- 
tions of the recurrences were as follows: a draining 
sinus in five patients (63%), a neck mass in two pa- 
tients (25%), and an infected cyst in one patient 
(12%). 


The surgical management of recurrent thyroglos- 





TABLE 3. PREVIOUS OPERATIONS IN TEN PATIENTS 
PRESENTING WITH RECURRENT DISEASE 


Procedure No. Performed 
Incision and drainage 6 (25%) 
Local excision 14 (58%) 
Radical excision 4 (17%) 


sal duct disease consisted of wide excision of the 
pharyngeal mucosa. Two patients underwent resec- 
tion of an additional portion of the hyoid bone. The 
one patient with an infected recurrent cyst under- 
went incision and drainage prior to definitive reex- 
cision. This patient subsequently developed a drain- 
ing sinus after radical reexcision, which was man- 
aged successfully with an additional procedure. All 
patients are now free of disease. 


PATHOLOGY 


Columnar epithelium was the most common his- 
tologic pattern, found in 50% of specimens. The 
second most common pattern was squamous epithe- 
lium, noted in 21%. The remaining patterns were 
cuboidal, transitional, or mixed epithelial. 


Twenty of the specimens (22%) contained ectop- 
ic thyroid tissue. Seven (7.8%) revealed multiple or 
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Fig 1. Longitudinal section through thyroglossal duct 
demonstrating tract (A) as well as multiple diverticuli (B). 
Also seen are serous mucous glands (C) well away from 
main duct and adjacent to striated musculature (D) that 
was taken along with duct. 
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accessory tracts from the main tract or to the pha- 
ryngeal mucosa. Representative sections are shown 
in Figs 1 and 2. 


DISCUSSION 


The Sistrunk operation has been standard treat- 
ment for thyroglossal duct disease for over 50 years, 
and the poor results of lesser procedures are well 
known. Brereton and Symonds'’ have reported a 
38% recurrence rate in 50 cases in which the hyoid 
bone was not resected or the duct above the hyoid 
bone was dissected with an inadequate margin of 
surrounding muscle. Excellent results with the Sis- 
trunk operation have been obtained, with recur- 
rence rates between 1.5% and 4%.'°'” Yet it is 
clear that troublesome recurrences still are encoun- 
tered, and that the foundation for successful man- 
agement rests upon a sound knowledge of the surgi- 
cal principles coupled with an understanding of the 
histopathology of the disease. 


This study underscores several points. First, it is 
clear that the best opportunity for curative excision 
comes at the time of initial presentation. Prior in- 
adequate or unsuccessful excision serves as a major 
risk factor to further recurrence after “curative” re- 
excision. This is reflected in the 30% recurrence 
rate after radical reexcision seen in those patients 
referred to TCHB for further management of recur- 
rent disease. This contrasts with a recurrence rate of 
6.2% in those patients undergoing primary excision 
at TCHB. 


Second, although there do not seem to be any fac- 
tual data regarding the absolute incidence of the 
tract’s traversing the central portion of the hyoid 
bone, our pathologist estimates that there is distor- 
tion of the architecture of the hyoid bone in virtually 
all of these patients. It is therefore very important to 
remove the central part of the hyoid bone, but this 
study reiterates that the crux of the operation, as 


Fig 2. Transverse section through 
thyroglossal duct at level above 
hyoid bone demonstrating multi- 
ple glandular and ductal struc- 
tures (A) over broad area as well 
as ectopic thyroid tissue (B). All of 
this is in close relationship to adja- 
cent striated muscle (C) included 
in resection. 


presently performed, lies in the dissection above the 
hyoi- bone. There is a dual truth to this statement. 
Not aly is the tract quite delicate and easily torn in 





Fig Portrayal of surgical anatomy, histopathology, and 
surgeal procedure. A) Anatomic relationship of entire 
lengt of cyst and tract from skin to foramen cecum. B) 
Nurerous diverticuli and accessory ducts that often occur 
alors main tract. C) Central part of hyoid bone being re- 
sected along with generous margin of muscle along tract. 
D) —=mpleted dissection as well as continued resection of 
gen sous margin of muscle along entire tract. MH — my- 
lohwaid muscle, GH — geniohyoid muscle, GG — genio- 
glos +s muscle, SH — sternohyoid muscle, TH — thyrohy- 
oid = ascle. 
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this area, as noted by Sistrunk’ and others,*1%1213 
but the presence of accessory tracts and diverticuli 
from the main duct and pharyngeal mucosa man- 
dates wide dissection with a generous core of muscle. 
Variability in ductal anatomy was noted in 7.8% of 
our specimens. Sadé and Rosen® observed similar 
variability in 55% of their specimens. Thus, skele- 
tonizing the tract above the hyoid bone is a practice 
to be condemned, as it totally neglects additional 
tracts to the floor of the mouth and shears accessory 
tracts off the main duct. These are clearly demon- 
strated in Figs 1 and 2, histologic sections through 
the tract. These show the variable diverticuli and/or 
accessory ducts well away from the main duct. Ex- 
cision of all of these cannot be accomplished unless 
a generous margin of muscle is taken along with the 


duct. Our present surgical technique illustrating 
this practice is shown in Fig 3 and is based on the 
histologic findings of Figs 1 and 2. 


Finally, as recurrent disease is most often the re- 
sult of inadequate primary excision resulting in re- 
tained thyroglossal duct remnants, it is best man- 
aged by wide secondary excision, with removal of 
additional portions of the hyoid bone in appropriate 
circumstances. There is little place for simple exci- 
sions in the management of recurrent disease. 


The complex nature of thyroglossal duct disease 
accounts for the troublesome recurrences still en- 
countered, and it underscores Sistrunk’s “secret of 
cure” for the management of primary and recurrent 
disease. 


REFERENCES 


1. Gross RE, Connerley ML. Thyroglossal cysts and sinuses: a 
study and report of 198 cases. N Engl J Med 1940;223:616-24. 


2. Telander RL, Deane SA. Thyroglossal and branchial cleft 
cysts and sinuses. Surg Clin North Am 1977;57:779-91. 


3. Guimares SB, Uceda JE, Lynn HB. Thyroglossal duct rem- 
nants in infants and children. Mayo Clin Proc 1972;47:117-20. 


4. Stahl WM, Lyall D. Cervical cysts and fistulae of thyro- 
glossal tract origin. Ann Surg 1954;139:123-8. 


5. Ward GE, Hendrick JW, Chambers RG. Thyroglossal 
tract abnormalities — cysts and fistulas. Surg Gynecol Obstet 
1949;89:727-34. 


6. Sadé J, Rosen G. Thyroglossal cysts and tracts. A histo- 
logical and histochemical study. Ann Otol Rhinol Laryngol 1968; 
77:139-45. 


t 


7. Schlange H. Uber die Fistula colli congenita. Arch Klin 
Chir 1893;46:390-2. 


8. Sistrunk WE. The surgical treatment of cysts of the thyro- 
glossal tract. Ann Surg 1920;71:121-6. 


9. Sistrunk WE. Technique for removal of cysts and sinuses of 
the thyroglossal duct. Surg Gynecol Obstet 1928;46:109-12. 


10. Pemberton JD, Stalker LK. Cysts, sinuses and fistulae of 
the thyroglossal duct. Ann Surg 1940;111:950-7. 


11. Brereton RJ, Symonds E. Thyroglossal cysts in children. Br 
J Surg 1978;65:507-8. 


12. Deane SA, Telander RL. Surgery for thyroglossal duct and 
branchial cleft abnormalities. Am J Surg 1978;136:348-53. 


13. Brown PM, Judd ES. Thyroglossal duct cyst and sinuses: 
results of radical (Sistrunk) operation. Am J Surg 1961;102: 
494-501. 


SIXTH WORLD CONGRESS IN ULTRASOUND 


The Sixth World Congress in Ultrasound will be held September 1-6, 1991, in Copenhagen. For further information, contact Spadille 
Congress Service ApS, Sommervej 3, DK-3100 Hornbaek, Denmark; telephone 45 2 202496, telefax 45 2 200160. 


The GSI 33 Middle-Ear Analyzer: 


High Tech 4 User Friendly 





High Tech Design 


Unexcelled in modern engineering. 
The silent pushbuttons, logically placed 
on the clearly labeled front panel, are 


human engineered for ease of operation. 


Desgned with the quality and depend- 
ability associated with Grason-Stadler 
for 37 years. 


Essential Features 


Bast capabilities for clinical, diagnostic 
or sereening middle-ear testing — 
manually or automatically. 

m | mpanometry 

m Reflex Threshold 

m Reflex Decay 

m Eustachian Tube Function Testing 


For more information contact: 


Grason Stadler, Inc. 
537 Great Road 

Littleton, MA 01460 
Tel. (617) 486-3514 
TWX: 710/347-6892 


There’s No Substitute 
for the Best! 





Grason-Stadler 


. . . and You Can Choose 


Operators have a choice of using the 
preprogrammed test parameters or of 
selecting their own criteria va the user 
keys. A raised, eye-level CRT clearly 
displays test parameter choices and the 
possible alternatives. Compliarce and 
pressure meters are on the reen with a 
digital readout shown continucusly. Test 
results are displayed in real time and 
then summarized below the meters. Up 
to 4 screens can be stored in memory 
and recalled for viewing prior to 
printout. A built-in printer provides 
permanent records. 


The innovative probe houses both Ipsi 
and Contra transducers. This unique 
probe was designed for patient comfort, 
ease-of-seal and accurate test results. 
Eartips compliment the probe, and are 
color coded for rapid selection of size. 


Individualized probe mountings: 

m Lightweight shoulder moumtmg 
(shown) 

m Optional clothes clip mounting 


m Optional operator wrist attachment 
for screening tests 














Please return this coupon to: 


Grason-Stadler, Inc., Dept. B 
537 Great Road, P.O. Box 1400 
Littleton, MA 01460 


Name: 


Address: 


Telephone: 


[C] Please send me the GSI 33 
brochure. 


|_| Please arrange a demonstration. 









TM 


Allen & Hanburys 


DIVISION OF GLAXO INC. 
Research Triangle Park, NC 27709 











(BECLOMETHASONE DPROPIONATE, 
MONOHYDRATE) 
NASAL SPRAY 0042% 


Relief for rhinitis with 
less sting than flurisolide™ 
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re) Beclomethasone dipropionate 
yA aqueous nasal spray (n= 40) 
(°; 2 inhalations bid w T 
p < 0.05 —Adapted from Bronsky et al.’ 


Moist relief for seasonal, perennia:s and vasomotor rhinitis 
O Indicated for patients 6 years of age ano der 
O More effective than cromolyn sodium inp-eventing symptoms of hay fever? 


C Superior to terfenadine for the control o~ creakthrough symptoms on high 
pollen count days** 


Convenient dosage fo enhance c@npliance 


O 1 or 2 sprays per nostril bid 


O No significant alterations of the nasal mucosal histology observed in up to 
12 years of experience with beclomethascne dipropionate® 
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BECONASE AQ® BRIEF SUMMARY 
beclomethasone dipropionate, monohydrate) 


asal Spray, 0.042%* 
*Calculated on the dried basis. SHAKE WELL 
For Intranasal Use Only BEFORE USE. 


The following is a brief summary only. Before prescribing, see complete prescrib- 
ing information in BECONASE AQ® Nasal Spray product labeling. 


INDICATIONS AND USAGE: BECONASE AQ® Nasal Spray is indicated for the 
relief of the symptoms of seasonal or perennial allergic and nonallergic (vaso- 
motor) rhinitis. 

BECONASE AQ Nasal Spray is also indicated for the prevention of recurrence of 
nasal polyps following surgical removal 


CONTRAINDICATIONS: Hypersensitivity to any of the ingredients of this prep- 
aration contraindicates its use. 


WARNINGS: The replacement of a systemic corticosteroid with BECONASE AQ® 
Nasal Spray can be accompanied by signs of adrenal insufficiency. 

Careful attention must be given when patients previously treated for prolonged 
periods with systemic corticosteroids are transferred to BECONASE AQ Nasal 
Spray. This is particularly important in those patients who have associated asthma 
or other clinical conditions where too rapid a decrease in systemic corticosteroids 
may Cause a Severe exacerbation of their symptoms. 

Studies have shown that the combined administration of alternate-day predni- 
sone systemic treatment and orally inhaled beclomethasone increases the likeli- 
hood of HPA suppression compared to a therapeutic dose of either one alone 
Therefore, BECONASE AQ Nasal Spray treatment should be used with caution in 
patients already on alternate-day prednisone regimens for any disease. 

If recommended doses of intranasal beclomethasone are exceeded or if indi- 
viduals are particularly sensitive or predisposed by virtue of recent systemic ste- 
roid therapy, symptoms of hypercorticism may occur, including very rare cases of 
menstrual irregularities, acneiform lesions, and cushingoid features. If such 
changes occur, BECONASE AQ Nasal Spray should be discontinued slowly consis- 
tent with accepted procedures for discontinuing oral steroid therapy. 


PRECAUTIONS: General: During withdrawal from oral steroids, some patients 
may experience symptoms of withdrawal, eg, joint and/or muscular pain, lassitude, 
and depression 

Rarely, immediate hypersensitivity reactions may occur after the intranasal 
administration of beclomethasone. 

Extremely rare instances of wheezing, nasal septum perforation, and increased 
intraocular pressure have been reported following the intranasal application of 
aerosolized corticosteroids. Although these have not been observed in clinical 
trials with BECONASE AQ® Nasal Spray, vigilance should be maintained. 

In clinical studies with beclomethasone dipropionate administered intranasally, 
the development of localized infections of the nose and pharynx with Candida 
albicans has occurred only rarely. When such an infection develops, it may require 
treatment with appropriate local therapy or discontinuation of treatment with 
BECONASE AQ Nasal Spray. 

If persistent nasopharyngeal irritation occurs, it may be an indication for stop- 
ping BECONASE AQ Nasal Spray. 

Beclomethasone dipropionate is absorbed into the circulation. Use of excessive 
doses of BECONASE AQ Nasal Spray may suppress HPA function 

BECONASE AQ Nasal Spray should be used with caution, if at all, in patients 
with active or quiescent tuberculous infections of the respiratory tract; untreated 
fungal, bacterial, or systemic viral infections; or ocular herpes simplex. 

For BECONASE AQ Nasal Spray to be effective in the treatment of nasal polyps, 
the spray must be able to enter the nose. Therefore, treatment of nasal polyps with 
BECONASE AQ Nasal Spray should be considered adjunctive therapy to surgical 
removal and/or the use of other medications that will permit effective penetration 
of BECONASE AQ Nasal Spray into the nose. Nasal polyps may recur after any form 
of treatment. 

As with any long-term treatment, patients using BECONASE AQ Nasal Spray 
over several months or longer should be examined periodically for possible 
changes in the nasal mucosa. 

Because of the inhibitory effect of corticosteroids on wound healing, patients 
who have experienced recent nasal septal ulcers, nasal surgery, or trauma should 
not use a nasal corticosteroid until healing has occurred. 

Although systemic effects have been minimal with recommended doses, this 
potential increases with excessive doses. Therefore, larger than recommended 
doses should be avoided. 


Information for Patients: Patients being treated with BECONASE AQ Nasa! Spray 
should receive the following information and instructions. This information is 
intended to aid in the safe and effective use of medication. It is not a disclosure of 
all possible adverse or intended effects. Patients should use BECONASE AQ Nasal 
Spray at regular intervals since its effectiveness depends on its regular use. The 
patient should take the medication as directed. It is not acutely effective, and the 
prescribed dosage should not be increased. Instead, nasal vasoconstrictors or oral 
antihistamines may be needed until the effects of BECONASE AQ Nasal Spray are 
fully manifested. One to two weeks may pass before full relief is obtained. The 
patient should contact the doctor if symptoms do not improve, or if the condition 
worsens, or if sneezing or nasal irritation occurs. For the proper use of the unit and 
to attain maximum improvement, the patient should read and follow the accom- 
panying patient's instructions carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Treatment of rats for a total 

of 95 weeks, 13 weeks by inhalation and 82 weeks by the oral route, resulted in 

no evidence of carcinogenic activity. Mutagenic studies have not been performed. 
Impairment of fertility, as evidenced by inhibition of the estrous cycle in dogs, 

was observed following treatment by the oral route. No inhibition of the estrous 

cycle in dogs was seen following treatment with beclomethasone dipropionate by 

the inhalation route. 


Pregnancy: Teratogenic Effects: Pregnancy Category C: Like other corticoids, 
parenteral (subcutaneous) beclomethasone dipropionate has been shown to be 
teratogenic and embryocidal in the mouse and rabbit when given in doses 
approximately ten times the human dose. In these studies, beclomethasone was 
found to produce fetal resorption, cleft palate, agnathia, microstomia, absence of 
tongue, delayed ossification, and agenesis of the thymus. No teratogenic or 
embryocidal effects have been seen in the rat when beclomethasone dipropionate 
was administered by inhalation at ten times the human dose or orally at 1,000 
times the human dose. There are no adequate and well-controlled studies in preg- 
nant women. Beclomethasone dipropionate should be used during pregnancy only 
if the potential benefit justifies the potential risk to the fetus. 


Nonteratogenic Effects: Hypoadrenalism may occur in infants born of mothers 
receiving corticosteroids during pregnancy. Such infants should be carefully 
observed 


Nursing Mothers: It is not known whether beclomethasone dipropionate is 
excreted in human milk. Because other corticosteroids are excreted in human milk, 
caution should be exercised when BECONASE AQ Nasal Spray is administered to 
nursing women. 


Pediatric Use: Safety and effectiveness in children below 6 years of age have not 
been established 


ADVERSE REACTIONS: In general, side effects in clinical studies have been 
primarily associated with irritation of the nasal mucous membranes. Rarely, 
immediate hypersensitivity reactions may occur after the intranasal administration 
of beclomethasone. 

Adverse reactions reported in controlled clinical trials and open studies in 
patients treated with BECONASE AQ® Nasal Spray are described below 

Mild nasopharyngeal irritation following the use of beclomethasone aqueous 
nasal spray has been reported in up to 24% of patients treated, including occasional 
sneezing attacks (about 4%) occurring immediately following use of the inhaler. In 
patients experiencing these symptoms, none had to discontinue treatment. The 
incidence of transient irritation and sneezing was approximately the same in the 
group of patients who received placebo in these studies, implying that these 
complaints may be related to vehicle components of the formulation. 

Fewer than 5 per 100 patients reported headache, nausea, or lightheadedness 
following the use of BECONASE AQ Nasal Spray. Fewer than 3 per 100 patients 
reported nasal stuffiness, nosebleeds, rhinorrhea, or tearing eyes. 

Extremely rare instances of wheezing, nasal septum perforation, and increased 
intraocular pressure have been reported following the intranasal administration of 
aerosolized corticosteroids (see PRECAUTIONS). 


OVERDOSAGE: Information concerning possible overdosage and its treatment 
appears in the full prescribing information 
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OBSTRUCTING TUMORS OF THE SUBGLOTTIC LARYNX AND 
CERVICAL TRACHEA: AIRWAY MANASEMENT AND TREATMENT 
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BURLINGTON, MASSACHUSETTS 
R. KIRK BOHIGIAN, MD 
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A series of 11 patients presenting with airway obstruction secondary to tumars involving the subglottic larynx and cervical trachea was 
treated with either carbon dioxide or neodymium:yttrium aluminum garnet laser tumor ablation. Choice of ventilation varied according 
to the site of airway obstruction: Venturi jet with ventilation laryngoscope for gotic and subglottic tumors and a specially designed ven- 
tilation laser fiber tracheoscope for tumors obstructing the cervical trachea. All patents subsequently had definitive treatment of the tumor 
and were relieved of the compromised airway. No complications associated wih ventilation and treatment techniques were recorded. 


KEY WORDS — airway obstruction, cervical tracheal tumors, laser ter or ablation, subglottic laryngeal tumors, ventilation 


laryngoscope, Venturi jet ventilation. 


INTRODUCTION 


Neoplasia obstructing the subglottic larynx and 
cervical trachea is an airway emergency that is diffi- 
cult to manage. Depending on the degree of airway 
obstruction, patients will have stridor and severe 
dyspnea not easily treated by endotracheal intuba- 
tion or tracheotomy. Tumor vascularity, density, 
and to a lesser extent histologic characteristics are 
additional considerations as the clinician attempts 
to establish a secure airway — the initial goal in 
management of the patient. Diagnosis and staging 
of the tumor as well as definitive treatment can be 
accomplished after adequate ventilation has been 
restored. 


Options in the management of a patient with an 
obstructed airway include endoscopic treatment, 
tracheotomy proximal to the tumor obstruction, 
and emergency intubation followed by definitive 
surgery. If possible, avoidance of tracheotomy is de- 
sirable, particularly when the patient is a candidate 
for definitive surgery, such as total laryngectomy 
for carcinoma of the larynx with subglottic exten- 
sion. Preexisting tracheotomy has been associated 
with an increased infection rate after laryngectomy 
as well as an increased incidence of peristomal re- 
currence.’ Location and extent of the tumor in the 
cervical trachea may make it difficult or even im- 
possible to bypass the obstruction with proximal 
tracheotomy. In addition, when the patient is not a 
candidate for definitive surgery and is in poor medi- 
cal condition, the added morbidity from tracheoto- 
my makes this operation undesirable. 


Endoscopic ablation of the obstructing tumor to 
establish an airway can be performed relatively 
safely with the use of laser technology with a bron- 
chosconic or tracheal delivery system. Ablation of 
the tumor with either the carbon dioxide or neo- 
dymiu n:yttrium aluminum garnet laser can be ac- 
complsted after adequate ventilation has been 
achievec. 


This erticle reviews the management of 11 pa- 
tients with obstructing tumor of the subglottis and 
cervica trachea with emphasis on anesthetic and 
airway management. All of these patients had laser 
ablation of the tumor for palliation followed by de- 
finitive management of airway disease. 


MATERIALS AND METHODS 


Airway management options are dependent 
largely on the site of obstruction. When the obstruc- 
tion is at the glottic and subglottic level, such as in 
carcinar a of the vocal cord with subglottic exten- 
sion, most patients can be intubated with a small 
(No. 5. 5.5, or 6) red rubber endotracheal tube 
wrapped with metallic adherent reflecting tape for 
CO2 laser surgery. Intubation is carried out best 
with tonical anesthesia while the patient is awake 
and sittng forward. A good view of the glottic air- 
way is pessible with an indirect laryngoscopic tech- 
nique, and intubation with a tube prepared for 
laser su-gery can be directed into the laryngeal lu- 
men. Wten the patient is ventilated adequately, 
general anesthesia is administered with a muscle re- 
laxation technique. The microlaryngeal CO2 laser is 
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Fig 1. Dedo-Pilling operating laryngoscope with specially 
adapted 14-gauge spinal needle soldered to screw clamp 
for attachment to proximal opening of laryngoscope. This 
laryngoscope setup with needle injector provides Venturi 
jet ventilation system. 


used to remove tumor in the glottic airway and the 
immediate subglottic region. The endotracheal tube 
is removed, and ventilation resumes with a Venturi 
jet system with the needle attached to the posterior 
proximal lip of the operating laryngoscope, as de- 
scribed by Norton et al.’ 


Our ventilation system consists of 12-gauge to 16- 
gauge stainless steel spinal needles modified and at- 
tached to a screw clamp for placement on the proxi- 
mal end of the operating laryngoscope (Fig 1). This 
arrangement permits flexibility in terms of place- 
ment of the needle according to the location of the la- 


ryngeal obstruction. The laryngologist and the anes- 
thesiologist should plan the appropriate ventilation 
system for each patient before operation. It is not 
possible to define the precise amount of pressure nec- 
essary to ventilate each patient. Variations in chest 
compliance and in anatomy of the neck and thorax 
make clinical observation of chest movement and 
auscultation for titration of ventilatory pressures 
necessary. Monitoring of the patient’s oxygen satu- 
ration and periodic blood gas analysis is essential. 


When the site of obstruction is in the cervical tra- 
chea (that is, below the cricoid cartilage), endotra- 
cheal intubation may be difficult and perhaps dan- 
gerous. An unsuccessful attempt at endotracheal in- 
tubation with this type of pathologic condition may 
lead to an urgent tracheotomy. These patients are 
best placed in the semirecumbent position with only 
mild sedation and adequate preoxygenation. Topi- 
cal anesthesia is used, and endotracheal intubation 
is best accomplished with use of a ventilation tra- 
cheoscope especially prepared for laser application.’ 


This tracheoscope does not have the ventilation 
holes typical of the rigid bronchoscope, so ventila- 
tion is not lost at the glottic level. The Nd:YAG laser 
fiber is inserted through the tracheoscope along 
with flexible suction for control of hemorrhage and 
maintenance of a dry field. The Nd:YAG laser may 
be beneficial for vascular tumors because of its ex- 
cellent hemostatic properties. After an airway has 
been established, general anesthesia can be given, 
preferably without muscle relaxation. * 


TABLE 1. DIAGNOSIS AND MANAGEMENT 


ee OS 


Airway Management 


Awake intubation; CO2 laser microlaryngoscopy; Ven- 
turi jet and CO2 laser ablation 


Awake intubation; CO2 laser microlaryngoscopy; Ven- 
turi jet and CO2 laser ablation 


Awake intubation; CO2 laser microlaryngoscopy; Ven- 
turi jet and CO2 laser ablation 


Awake intubation; CO2 laser microlaryngoscopy; Ven- 
turi jet and COs laser ablation 


Age 
Case (yr) Sex Diagnosis Tumor Location 

l 62 M T3 vocal cord Glottis and subglottic larynx (1.5 cm) 
carcinoma 

2 68 M T3 vocal cord Transglottic with subglottic extension 
carcinoma (1.7 cm) 

3 75 M T3 vocal cord Glottis and subglottic larynx (2 cm) 
carcinoma 

4 56 M T3 vocal cord Glottis and subglottic larynx (2 cm) 
carcinoma 

5 34 F Recurrent respi- Left vocal cord, posterior commis- 
ratory papillo- sure, subglottic and cervical trachea 
matosis 

6 72 M Recurrent respi- Bilateral vocal cord, posterior com- 
ratory papillo- missure, 2 cm subglottic 
matosis 

T 62 F Thyroidlympho- Cervical trachea (90% obstruction) 
ma 

8 43 F Recurrent Hodg- Subglottis and cervical trachea (90 % 
kin’s lymphoma obstruction) 

9 50 M Squamous cell Subglottis and cervical trachea (90 % 
carcinoma of tra- obstruction) 
chea 

10 46 M Anaplastic car- Subglottis (70% obstruction) 
cinoma of thy- 
roid 

1] 50 M Squamous cell Cervical trachea (90% obstruction) 


carcinoma of tra- 


Awake intubation; CO2 laser microlaryngoscopy; Ven- 
turi jet and CO?2 laser ablation; Nd:YAG laser bronchos- 


copy 
Awake intubation; CO2 laser microlaryngoscopy; Ven- 


turi jet and CO2 laser ablation 
Tracheoscope and Nd:YAG laser bronchoscopy 
Ventilating laryngoscopy; Venturi jet and CO2 laser ab- 


lation; tracheoscope and Nd:YAG laser bronchoscopy 
Tracheoscope and Nd:YAG laser bronchoscopy 


Ventilating laryngoscopy; CO2 laser ablation and elec- 
trocautery 


Tracheoscope and Nd:YAG laser bronchoscopy 


chea 
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TABLE 2. MANAGEMENT ACCORDING TO SITE 
OF PATHOLOGIC PROCESS 


Site of Airway No. of 
Obstruction Management Patients 


Glottis or subglottis 
or both (7 patients) 





Awake, sitting intubation; 
Venturi jet laryngoscopy 
and COz2 laser ablation 4 


Mild sedation; semireclin- 

ing intubation; Venturi jet 
laryngoscopy and CO2 

laser ablation 2 


General anesthesia and ven- 
tilating laryngoscopy with 
Venturi jet (case 10, Table 
1) 


Awake intubation with 
ventilating tracheoscope; 
topical anesthesia 3 
Combination technique: 
ventilating laryngoscopy 

and tracheoscope l 


Cervical trachea (4 
patients) 


RESULTS 


Eleven patients with moderate to severe dyspnea 
secondary to obstruction of the subglottic tracheal 
airway by tumor were treated at the Lahey Clinic 
Medical Center from 1982 to 1987 without trache- 
otomy (Table 1). Four patients had carcinoma of the 
larynx with subglottic extension, and two patients 
each had lymphoma, primary carcinoma of the tra- 
chea, and recurrent papilloma of the respiratory 
tract. One patient had an anaplastic carcinoma of 
the thyroid gland extending into the tracheal airway. 


Seven patients had extension of a glottic neoplastic 
process to the subglottic level. Four patients required 
intubation while awake followed by CO2 laser abla- 
tion of the exposed anterior glottic tumor with use 
of microlaryngeal techniques (Table 2). The endo- 
tracheal tube then was removed, and the subglottic 
airway was treated with better exposure using Ven- 
turi jet ventilation (Fig 2). Two patients were intu- 
bated under mild sedation in a semireclining posi- 
tion by standard anesthesia intubation techniques. 
This was followed by CO2 laser ablation of the an- 
terior glottic neoplasm and a change to the Venturi 
jet ventilation system for ventilation and exposure 


Fig 2. Endoscopic photographs. A) 
Taken through operating laryn- 
goscope showing bilateral vocal 
cord polyps partially obstructing 
laryngeal airway. Red rubber en- 
dotracheal tube wrapped with 
self-adherent reflecting aluminum 
tape is seen intubating trachea. B) 
Showing laryngeal polyps without 
endotracheal tube. Ventilation is 
achieved with Venturi jet needle 
on proximal |p of operating laryn- 
goscope. Note excellent exposure 
of laryngeal process. 


of the subglottic larynx (Fig 3). One patient had di- 
rect intubation and ventilation with the ventilation 
laryngoscope technique without prior endotracheal 
tube mtubation (case 10, Table 1). 


Feur patients had obstruction of the cervical tra- 
chee. Three of the four patients had intubation un- 
der =cpical anesthesia while awake with use of a 
vent lation tracheoscope especially designed for ap- 
plicat:on of the Nd:YAG laser.° One patient (case 8, 
Table 1) required a combination technique using 
the ey erating laryngoscope Venturi jet instrument 
for trie glottic-subglottic larynx and the ventilation 
trackeoscope for the more distal obstruction in the 
cervical trachea (Fig 4). 


The average operating time was 30 minutes, 
ranging from 15 minutes to 60 minutes. All patients 
received intravenously administered Decadron. 10 
mg, defore manipulation of the airway to diminish 
laryngeal edema. All patients were monitored in- 
traope-atively with pulse oximetry for oxygen satu- 
ratioa and intermittent blood gas analysis in addi- 
tion to routine cardiovascular monitoring. Postop- 
erative management consisted of humidified oxygen 
delivered by face mask the first 12 hours after oper- 
ation. None of the patients required reintubation 
for respiratory difficulties. 


Suecessful establishment of the airway was ac- 
comp.ished in all patients without complications. 
Speci ieally, no instances of uncontrollable hemor- 
rhage. pneumothorax, or hypoxemia were associ- 
ated w th the ventilation technique or application 
of the laser. Transient laryngospasm occurred in the 
postoperative period in one patient with a recurrent 
papilloma of the respiratory tract (case 5, Table 1). 
The patient was managed by intravenously admin- 
isterec steroids and humidified oxygen with the ad- 
dition.of Vaponefrin. 


Outcome of treatment after successful manage- 
ment «f the airway was dependent largely on the tu- 
mor’s 1stopathologic characteristics and is summa- 
rized in Table 3. One patient with carcinoma of the 
larynx died of stomal recurrence, and the other 
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three patients are alive and well at 3 years after op- 
eration or radiation therapy or both. Both patients 
with recurrent respiratory papillomas require laser 
treatments every 6 months to 1 year to maintain the 
airway. 

Lymphoma involving the trachea responds well 
to radiation therapy and chemotherapy (cases 7 and 
8, Table 3). Both of these patients had intrinsic air- 
way obstruction amenable to laser treatment rather 
than extrinsic airway compression. On the other 
hand, carcinoma of the trachea is associated with a 
poor prognosis. All three patients in our series died 
within 2 years despite receiving radiation therapy. 


DISCUSSION 


The most common neoplastic obstruction of the 
upper airway is an extension of carcinoma of the 
larynx to the subglottic larynx. A T3 carcinoma of 
the larynx with vocal cord fixation and subglottic 
extension as well as tumor invasion of the opposite 
vocal cord may obstruct the airway. Fortunately, 
the tumor usually grows slowly, and the patient has 
symptoms of stridor and dyspnea after a prolonged 


Fig 3. Endoscopic photographs. A) 
Taken through operating laryn- 
goscope showing partially ob- 
structing squamous cell carcinoma 
of left vocal cord extending full 
length of vocal cord and into sub- 
glottic larynx. Red rubber endo- 
tracheal tube wrapped with self- 
adherent reflecting aluminum tape 
covers posterior portion and sub- 
glottic aspect of tumor. B) From 
same patient after application of 
CO2 laser for removal of ob- 
structing tumor. Venturi jet venti- 
lation was used after endotracheal 
tube was removed. Note excellent 
exposure of entire larynx, particu- 
larly posterior larynx and sub- 
glottic region. Tumor extended 2 
cm into subglottis. 


period of hoarseness. It is usually possible to in- 
tubate these patients, as noted by Davis et al,’ and 
remove the obstructing tumor with the COz laser. 
Definitive surgery may be planned with the patient 
without resorting to tracheotomy. 


The most common primary tracheal tumors, as 
presented by Grillo’ in his series of 110 patients, are 
squamous cell carcinoma and adenoid cystic carci- 
noma. Less common are carcinoid tumor, mucoepi- 
dermoid tumor, and adenosquamous carcinoma. 
The most common benign neoplasms encountered 
are squamous papillomas associated with recurrent 
papillomatosis of the respiratory tract, usually with 
glottic involvement. The two patients seen in our 
series with recurrent papillomatosis had involve- 
ment of the posterior commissure extending into the 
subglottic larynx and trachea. These patients did 
not have any evidence of the previous tracheotomy 
so commonly associated with tracheobronchial 
papilloma (Table 3). Grillo* reported that 69 of 110 
patients had tracheal resection, and 33 tracheal 
resections were performed for secondary tumors, 
such as carcinoma of the thyroid, bronchogenic car- 





Fig 4. Endoscopic photographs. A) Taken through operating laryngoscope showing 90 % obstruction of subglottic- 
cervical trachea by recurrent Hodgkin’s lymphoma. Patient was treated with radiation therapy for Hodgkin’s lym- 
phoma 20 years ago. B) Taken from intraoperative video after partial removal of tumor using both CO2 laser 
through operating laryngoscope and Nd:YAG laser through ventilation tracheoscope. Sixty percent opening of sub- 
glottic-cervical tracheal airway is now present. 
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TABLE 3. TREATMENT AND OUTCOME 


nI III 


Case Diagnosis Subsequen: Treatment Survival 

l T3 vocal cord carcinoma Radiation ther=pv 3 yr, no evidence of disease 
2 T3 vocal cord carcinoma Total laryngechmy 3 yr, no evidence of disease 
3 T3 vocal cord carcinoma Total laryngecomy Dead; stomal recurrence, 2 yr 
4 T3 vocal cord carcinoma Total laryngectomy 4 yr, no evidence of disease 
5 Recurrent respiratory papillomatosis Multiple CO2 ser laryngoscopies Alive with disease 
6 Recurrent respiratory papillomatosis Multiple CO2 Eas2r laryngoscopies Alive with disease 
7 Thyroid lymphoma Radiation ther- py 5 yr, no evidence of disease 
8 Recurrent Hodgkin’s lymphoma Chemotherapy 6 mo, no evidence of disease 
9 Squamous cell carcinoma of trachea Radiation ther py Dead, 1 yr 

10 Anaplastic carcinoma of thyroid Radiation ther -py Dead, 6 mo 

11 Squamous cell carcinoma of trachea Radiation ther -py Dead, 1.5 yr 


cinoma, and carcinoma of the esophagus extending 
into the trachea. The best chance for long-term con- 
trol of the neoplastic process and palliation in 
general was associated with successful definitive 
surgery. In the secondary tumor category, patients 
with well-differentiated thyroid carcinoma had the 
bast prognosis.° 


Airway obstruction from lymphoma of the larynx 
and trachea is an uncommon problem, as noted by 
Hessan et al.” Excellent response usually can be ob- 
tained with a regimen of radiotherapy, chemother- 
apy, and corticosteroids. Direct airway intervention, 
including tracheotomy, usually can be avoided with 
the use of a mixture of helium and oxygen, humidi- 
fication of inspired air, and intensive care monitor- 
ing. We have had good experience using a mixture 
of helium and oxygen (30% helium) to support ven- 
tilation in a compromised airway in preparation for 
leser surgery and during radiation therapy for 
otherwise unresectable obstructing bronchogenic 
carcinoma. 


The concept of using a ventilation laryngoscope 
was first presented by Oulton and Donald’? in 1971. 
A Jako laryngoscope was modified to accept a Ven- 
turi jet stainless steel needle in its proximal lumen, 
which was attached to an intermittent positive pres- 
sure respiration setup with a pressure regulator. The 
pressure regulator was set at 35 psi in every in- 
stance, providing a laryngoscopic pressure of 15 cm 
E20, which by visual inspection resulted in satis- 
factory thoracic excursion. Anesthesia with intra- 
venous muscle relaxation was necessary for effective 
ventilation. This technique became a popular venti- 
lation method for laryngeal laser surgery.” The dy- 
namics of Venturi jet ventilation through the opera- 
tive laryngoscope were studied by Woo and Eurenius’ 
using a canine model. The oxygen injection needle 
was placed within the lumen of the laryngoscope, 
held in place by a screw clamp type of attachment. 
The advantages during laser microlaryngoscopy were 
an excellent unobstructed view of the larynx during 
the procedure and the absence of a potentially com- 
bustible tracheal tube. Optimal placement of the 
tip of the needle for ventilation was in the middle 
third or lower third of the laryngoscope. Placement 


of the needle along the laryngoscope axis was also 
important. A large-bore needle (14 or 16 gauge) was 
necessary to achieve ventilatory volumes with re- 
duced pressure. 


Cl nicians using Venturi jet ventilation for laryn- 
gea laser surgery debate correct placement of the 
needle or catheter. Rontal et al’® prefer placement of 
the jet injection catheter distal to the vocal cord. They 
caution, however, that this technique is not recom- 
meaded for the patient with an obstructed laryn- 
gea airway because high pressures can result, po- 
ten-ially producing pneumomediastinum and pneu- 
mo- borax. Endotracheal intubation or tracheostomy 
wa ~-ecommended for patients with an obstructing 
carcinoma. On the other hand, Koufman et al"? re- 
ported the successful use of a large-bore jet ventila- 
tiom system proximal to the vocal cords. This tech- 
nique was ideal for pediatric patients with subglot- 
tic st2nosis or recurrent papillomatosis and was rec- 
ommended even for a relatively obstructed airway. 
No serious complications or deaths occurred in 327 
corsecutive patients undergoing microlaryngeal la- 
ser sirgery with the proximal Venturi jet ventila- 
tiom system. A 3-mm No. 11 Rosen ear suction tube 
wa: placed in the light port of the laryngoscope and 
used for jet ventilation.” 


W=ll-known complications of jet ventilation during 
microlaryngoscopy are hypoventilation, pneumotho- 
rax, pneumomediastinum, and subcutaneous em- 
ph-s2ma.'? The most serious consequence of pneu- 
mcczr ediastinum is tension pneumothorax, which re- 
quires immediate treatment and is particularly dan- 
gers in children. O’Sullivan and Healy’ empha- 
sizec use of adequate muscle relaxation to maximize 
compliance of the lungs and chest wall and to pre- 
vert vocal cord adduction during ventilation. Care- 
ful selection of proper size jet needle and pressures 
to wit individual patients and avoidance of airway 
ouffet obstruction with subsequent raised intratra- 
cheal pressure are strongly recommended. Gastric 
decompression by insertion of a nasogastric tube is 
reommended before the conclusion of the proce- 
du e to avoid abdominal distention. 


In conclusion, successful management of the pa- 
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tient with an obstructed subglottic-tracheal airway 
dictates preoperative communication between the 
otolaryngologist and the anesthesiologist. The choice 
of ventilation technique and anesthesia depends on 
the site of airway obstruction. We prefer intubation 
of the airway with the patient awake and under 
topical anesthesia for obstructing glottic and sub- 
glottic tumors, followed by CO2 laser microsurgery 
using general anesthesia. This procedure is followed 
by removal of the endotracheal tube and Venturi jet 
ventilation for exposure and treatment of the ob- 
structing tumor at the subglottic level. For patients 
with cervical tracheal neoplastic obstruction, intu- 


bation with the patient awake with a ventilation 
tracheoscope especially designed for laser fiber 
(Nd:YAG laser) application is used. After an ade- 
quate airway has been achieved, general anesthesia 
is administered through an intravenous route. Fur- 
ther laser ablation of obstructing tumor is accom- 
plished with intravenous anesthesia, supplementa- 
tion with topical anesthesia, and spontaneous ven- 
tilation. Eleven patients with a compromised air- 
way were treated successfully in this manner with- 
out tracheotomy. It is emphasized, however, that 
tracheotomy may be necessary when intubation of 
the airway is not possible. 
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OF CICATRICIAL PEMPHIGOID 


RONALD D. HANSON, MD 


KERRY D. OLSEN, MD 


Roy S. ROGERS III, MD 


ROCHESTER, MINNESOTa« 


Cicatricial pemphigoid is a chronic mucosal blistering disorder with a predilection for subsequent scar formation. Many physicians 
may be unaware of the various presentations and sequelae of this uncommon disease. This report of the largest series to date focuses on the 
upper aerodigestive tract manifestations of this disease. During the years 1975 to 1985, 142 patients with cicatricial pemphigoid were seen 
at the Mayo Clinic. There were 93 women and 49 men; the age range was 21 to 92 years. Mucosal lesions occurred most often in the 
mucous membranes of the oral cavity and conjunctiva. Involvement of the pharynx, larynx, and esophagus was less common. Stenosis of 
the nasopharynx or larynx necessitated surgical repair in several persons and caused obstructive sleep apnea in two. The otolaryngologist 
can make an important contribution to the early recognition, diagnosis, and management of the complications of cicatricial pemphigoid. 


KEY WORDS — bullous pemphigoid, cicatricial pemphigoid, dapsone, laryngeal stenosis, nasopharyngeal stenosis, pemphigus. 


Cicatricial pemphigoid is a chronic vesiculobul- 
lous disease characterized by subepidermal bullae 
involving primarily the oral and ocular mucous 
membrenes and leading to scar formation. Thost,' 
in 1911, first described cicatricial pemphigoid as 
separate from pemphigus, characterizing it as “es- 
sential shrinkage of the conjunctiva,” “chronic 
pemphigus,” or “ocular pemphigus.” In 1953, Le- 
ver’ introduced the term “benign mucous mem- 
brane pemphigoid.” The term “cicatricial pem- 
phigoid” is preferred, because scarring can lead to 
complications that are not benign. Cicatricial pem- 
phigoid and bullous pemphigoid are similar yet 
separate diseases. Both have subepidermal bullae. 
However, cicatricial pemphigoid primarily involves 
mucosa, whereas bullous pemphigoid involves the 
skin. Scar formation is a unique feature of cicatricial 
pemphigoid. 


Cicatricial pemphigoid usually occurs in the sixth 
through the eighth decades but can have its onset in 
early adulthood. Women are affected twice as often 
as men. There is no geographic or racial predilec- 
tion. Cicatricial pemphigoid is a chronic progres- 
sive disease with little tendency for remission. 


To our knowledge, this series of patients with 
cicatricial pemphigoid is the largest focusing on the 
upper aerodigestive tract manifestations of the dis- 
ease. This report describes the clinical, histopatho- 
logic, and immunopathologic features of this dis- 
ease. Complications and treatment results are re- 
viewed. 


MATERIALS AND METHODS 


From 1975 to 1985, 142 patients with cicatricial 
pemphigoid were seen at the Mayo Clinic. The pa- 


tients’ records and histopathologic and immuno- 
pathologic results were reviewed. Special emphasis 
was given to nasal, laryngeal, esophageal, and na- 
sopharyngeal involvement of cicatricial pemphi- 
goid. 


Biopsy specimens were obtained in the depart- 
ment ef otolaryngology, oral surgery, dermatology, 
or opł thalmology. The specimens were studied by 
routin2 histologic examination. After quick freezing 
in liquid nitrogen, perilesional tissue was studied by 
direct immunofluorescence examination. Also, ve- 
nous blood for indirect immunofluorescence was 
collected and stored at — 70°C. The various stain- 
ing and direct and indirect immunofluorescence 
techniques used were described previously by Per- 
son and Rogers.* 


CLINICAL FEATURES 


The series consisted of 93 women and 49 men. 
The age range was 21 to 92 years, and 94% of the 
patien:s were older than 50 at the onset of the dis- 
ease (Table 1). The areas of involvement are listed 
in Table 2. The oral and ocular mucosae were in- 
volved most commonly. Other sites of involvement 
in the 1pper aerodigestive tract, in decreasing order 
of frecuency, were the nasal mucosa, nasopharynx, 
larynx, oropharynx-hypopharynx, and esophagus. 
The skin, vaginal mucosa, scalp, and rectal mucosa 
also were sites of cicatricial pemphigoid. 


The oral cavity was the most common site (8& % ) 
for the occurrence of cicatricial pemphigoid. Muco- 
sal ulceration with surrounding erythema was the 
most common lesion. Some patients seen during the 
first 24 to 48 hours of symptoms had intact bullae, 
but uleerative lesions were more common. The le- 
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TABLE 1. AGE AT ONSET OF CICATRICIAL 





PEMPHIGOID 
Age (yr) No. of Patients 
< 40 5 
40-49 d 
50-59 3l 
60-69 38 
70-79 48 
= 80 16 
Total 142 





sions were typically multiple and could be quite 
painful until reepithelialization of the mucosa over 
a l- to 2-week period. The site most commonly in- 
volved in the oral cavity was the gingiva (Fig 1). Le- 
sions of the gingival mucosa were seen in 64% of the 
patients with oral cavity disease. Other sites, in de- 
creasing order of frequency, were buccal mucosa 
(42%), floor of the mouth (32%), hard and soft pa- 
late (26%), tongue (10%), and labial mucosa (2%). 
Scarring in the oral cavity, an uncommon feature. 
was noted in the posterior floor of the mouth in only 
five patients and in the buccal mucosa in two patients. 


Ocular lesions were seen in 86 patients, or 61% of 
the patients with cicatricial pemphigoid. A wide 
spectrum of clinical findings occurred. The earliest 
finding was conjunctivitis. However, a symbleph- 
aron — a scar in the inferior fornix between the pal- 
pebral and bulbar conjunctivae — was the most 
common presentation (Fig 2). Entropion, trichiasis, 
tear deficiency, and corneal exposure then could oc- 
cur. Further disease progression could lead to cor- 
neal keratinization, desiccation of the globe, and 
ultimately blindness. 


Nasal involvement was found in 33 cases (23%). 
The nasal site was never the only location of cicatri- 
cial pemphigoid. Nasal lesions always were associ- 
ated with extensive involvement of the upper aero- 
digestive tract. Nasal crusting and nasal airway ob- 
struction were noted in 76% of the patients with 
nasal disease. Pain, typically mild, occurred in 
50% . Epistaxis also was reported. The typical nasal 
lesion was ulcerative and crusted and was located 
on the septum or turbinates. Scarring of the nasal 
valve was seen in five patients, four of whom also 
had adhesions from the septum to the middle or in- 


TABLE 2. SITES OF INVOLVEMENT IN PATIENTS 
WITH CICATRICIAL PEMPHIGOID 


Site No. of Patients 
Oral cavity 125 
Eyes 86 
Nose 33 
Skin (not head and neck) 25 
Nasopharynx 18 
Larynx 13 
Vagina 13 
Oropharynx-hypopharynx 1] 
Esophagus 6 
Scalp 5 
Rectum 5 
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Fig 1. Gingival involvement with cicatricial pemphigoid. 
Note ruptured bullae and resultant gingival ulceration. 


ferior turbinates. 


Nasopharyngeal lesions occurred in 18 patients 
(13%). All 18 noted odynophagia at some point in 
the course of their disease. Intact bullae were not 
commonly seen. The typical lesion was an ulcer. 
Seven of these 18 patients (39 % ) had impaired nasal 
breathing caused by stenosis of the nasopharynx 
(Fig 3). In two patients, the stenosis was severe 
enough to cause obstructive sleep apnea. 


Cicatricial pemphigoid involved the larynx in 13 
patients (9% ). All 13 of these patients had disease in 
other areas of the upper aerodigestive tract, but iso- 
lated laryngeal involvement has been described.*~® 
In ten of the 13 patients, the bullae or ulcers were 
found only on the epiglottis or aryepiglottic folds. 
Odynophagia was the only symptom. In three pa- 
tients, ulceration and subsequent scar formation at 
the glottic level caused hoarseness and progressive 
shortness of breath. One of these patients had asso- 
ciated subglottic stenosis. 


The oropharynx and hypopharynx were affected 
in 11l patients (8%). The typical finding was multi- 
ple ulcers on the posterior or lateral pharyngeal 
walls. No pyriform sinus disease was seen. One per- 
son had postcricoid ulcers. Oropharyngeal and hy- 
popharyngeal disease caused dysphagia and odyno- 





Fig 2. Symblepharon. Sear formation in inferior fornix is 
surrounded by conjunctivitis. 
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Fig 3. Severe nasopharyngeal stenosis secondary to cica- 
tricial pemphigoid. There remains only 2-mm pinpoint 
opening (arrow) into nasopharynx, with surrounding scar. 


pnagia. No scar formation occurred in these two re- 
g@ ons. 


Esophageal involvement with cicatricial pem- 
pnigoid was seen in six patients (4% ). Three persons 
had cervical esophageal ulcers confirmed by endos- 
copy. These patients noted dysphagia and odyno- 
phagia greater than would be expected on the basis 
o? their oral and pharyngeal disease. Esophageal 
x ray studies revealed esophageal stenosis in three 
other patients (Fig 4). In all six patients, esophageal 
pemphigoid was associated with widespread disease 
o the rest of the upper aerodigestive tract. 


Cutaneous lesions generally occur in 10% to 30% 
o` patients with cicatricial pemphigoid.’ Cutaneous 
pemphigoid, typically in the form of mildly painful 
bullae, was seen in 30 of our patients (21%). The 
genitalia and perioral regions were affected most 
cemmonly. Cicatricial alopecia was found in five 
patients. 


PATHOLOGIC FINDINGS 


The diagnosis of cicatricial pemphigoid was 
based not only on the clinical findings but also on 
h stopathologic and immunofluorescence study re- 
sults. The typical histologic lesion was an inflam- 
matory subepidermal bulla (Fig 5). The subepider- 
mal bullae were accompanied by a mixed nonspe- 
cific inflammatory infiltrate consisting of eosino- 
pails, neutrophils, plasma cells, and a perivascular 
lymphohistiocytic infiltrate. Electron microscopic 
studies have shown a separation at the margin of 
the bulla. This is located within the lamina lucida, 
am area between the plasma membrane of the basal 
cells and the electron-dense basal lamina. 


Biopsy specimens were obtained from the oral 
mucosa, skin, vaginal mucosa, or conjunctival mu- 
cesa. Histopathologic results were available for 130 
patients. Subepidermal bullae were found in 102 





Fiz 4. Barium esophagogram shows esophageal stricture 
secondary to cicatricial pemphigoid. 


patieats, nonspecific dermal inflammation in 15 pa- 
tients, and ulceration in 13 patients. In 12 patients 
who >resented with a previous diagnosis of cicatri- 
cial pemphigoid, no histopathologic data were 
avaiable. 


Imumunopathologic studies also have a major 
place in the diagnosis of cicatricial pemphigoid. An- 
tigers, antibodies, and other immunoreactants in 
tissue and in the serum are characterized by either 
direet or indirect techniques. In direct immuno- 
fluorescence, a biopsy specimen from perilesional 
tissue typically reveals a linear deposition of im- 
mur globulins (usually IgG or IgM) or complement 
components, or both, at the basement membrane 
zone Fig 6). Of the 113 patients who had direct im- 
mur fluorescence studies performed, 100 had posi- 
tive -esults (88%) and 13 had negative results 
(12%). In addition to IgG and IgM, IgE, fibrin, C3 
component, Clq, and properdin complement com- 
poneats also were detected with this technique. 


Imirect immunofluorescence studies detect cir- 
culating immunoglobulins in the serum. In cica- 
tricia. pemphigoid, in contrast to bullous pemphi- 
goid. indirect immunofluorescence results typically 
are megative.* Of the 115 patients who had indirect 
studies on record, only six (5% ) had positive results. 
Circulating antibodies to the basement membrane 
zone and antinuclear antibodies were seen. 


COMPLICATIONS 


Cxatricial pemphigoid can produce scars. Scar 
formation in the conjunctiva, nasal cavity, naso- 
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Fig 5. Subepidermal bullae with cicatricial pemphigoid 
(original x75). Epithelium remains intact but is separated 
from dermis at basal lamina. 


pharynx, larynx, and esophagus may have serious 
consequences. 


Blindness developed in three patients, and visual 
acuity gradually decreased in many others because 
of keratinization of the cornea. Five patients had 
significant scarring of the nasal valve and turbi- 
nates that resulted in nasal airway obstruction. 
Nasopharyngeal stenosis, with resultant nasal ob- 
struction, was identified in seven patients, two of 
whom had obstructive sleep apnea. Laryngeal scar- 
ring at the glottic or subglottic level in three pa- 
tients caused significant dyspnea necessitating sur- 
gical intervention. Three patients had esophageal 
stenosis requiring dilatation. 


TREATMENT AND RESULTS 


Treatment of cicatricial pemphigoid at our insti- 
tution is handled in a multidisciplinary fashion. 
The dermatologist directs the medical treatment 
and obtains other medical or surgical consultations 
if indicated. Dapsone, an anti-inflammatory agent, 
is the primary therapeutic drug for early disease.’ 
Systemic corticosteroids and immunosuppressive 
agents, such as azathioprine and cyclophospha- 
mide, are also used but have an increased risk of 
side effects. Dapsone provides an efficacious ste- 
roid-sparing alternative. The initial dose of 25 to 50 
mg/day is increased slowly to 125 to 150 mg/day. 
This amount is usually sufficient to control disease 
progression and allow healing. The effects of dap- 
sone may not be seen for 6 weeks or more, and 
maintenance therapy is often necessary. 


Medical therapy varies greatly. Some patients use 
dapsone only when their disease recurs. Most pa- 
tients use dapsone for long-term suppressive ther- 
apy and increase their dose when the disease be- 
comes active. If pemphigoid cannot be controlled 
with dapsone, prednisone and immunosuppressive 
agents, alone or in combination, are used. Sulfa- 
pyridine is infrequently given. Control of disease 
with the lowest dose of dapsone is the goal of treat- 





Fig 6. Direct immunofluorescence depicts linear pattern of 
fibrin along basement membrane. 


ment. Reactivation of cicatricial pemphigoid is 
managed as described above. 


After diagnosis and the beginning of therapy, 
follow-up and medical management for many pa- 
tients are by their local physicians. Our follow-up 
has ranged from one visit to 12 years. 


Scar formation in the upper aerodigestive tract is 
not reversed by medical therapy and can result in 
stenosis requiring surgical therapy. The otolaryn- 
gologist often is asked to help manage the sequelae 
of cicatricial pemphigoid. Cicatricial pemphigoid 
should be stable, that is, no active ulceration or bul- 
lae, before surgery is considered. 


Thirteen patients underwent a surgical proce- 
dure to correct upper aerodigestive tract stenosis. 
Some patients were receiving maintenance medical 
therapy at the time of the operation. 


Two patients with nasal scarring and obstruction 
managed their crusting and epistaxis with saline 
nasal irrigations. However, two persons had lysis of 
adhesions in the valve and turbinate region with 
temporary insertion of polymeric silicone (Silastic) 
sheeting. Follow-up at 1 and 2 years, respectively, 
showed continued nasal patency. One patient with 
nasal scarring had lysis of adhesions and septal 
mucosal advancement flaps for turbinate-to-septum 
and valve scarring, respectively. She did well for 7 
years and then had reactivation of cicatricial pem- 
phigoid and recurrence of valvular and turbinate 
adhesions. She again underwent lysis of adhesions 
and polymeric silicone stent placement for 2 
months. An anterior septal perforation that devel- 
oped later was managed conservatively with saline 
irrigations. 


Four patients with significant nasal obstruction 
from nasopharyngeal stenosis underwent a Kazan- 
jian palatoplasty and pharyngeal flap repair.'° Fol- 
low-up of these cases ranged from 24 to 55 months. 
All the repairs remained widely patent, with cor- 
rection of nasal obstruction. One patient had re- 
current nasopharyngeal lesions without restenosis. 
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Two of the four patients had mild postoperative 
nasal regurgitation and a hypernasal quality to the 
voice. Some velopharyngeal incompetence is not 
unexpected, because scarring can cause an adynam- 
ic velopharynx. One patient successfully used a 
palatal prosthesis. Two of these patients with naso- 
pharyngeal stenosis also had symptoms and poly- 
somnographic findings consistent with obstructive 
sleep apnea. Both subjective and objective improve- 
ment (documented on postoperative sleep studies) 
oecurred after surgical correction of stenosis. 


Three patients with scar formation at the glottic 
level required surgical treatment. One patient had a 
tracheotomy and was not interested in a laryngeal 
procedure. One person underwent a thyrotomy 
with division of anterior and posterior commissure 
scars and the placement of split-thickness skin grafts 
and a laryngeal stent. The result was a significantly 
improved voice and glottic airway. The third pa- 
tient had three tracheotomies between 1954 and 
1968 for cicatricial pemphigoid of the larynx. In 
1975, subglottic scar tissue (webs) developed; the 
webs were divided through a midline thyrotomy 
approach, and stenting was done. Decannulation 3 
months later was successful. Nine years later, tra- 
cheal stenosis developed at the tracheotomy site. 
The patient had had active nasal pemphigoid in the 
interim, but it was unclear whether the tracheal 
stenosis was secondary to the tracheotomies or to 
cicatricial pemphigoid. A tracheal resection with 
primary anastomosis was performed, and 20 
months later the glottic, subglottic, and tracheal re- 
gions were widely patent. The patient’s vocal cord 
mobility and voice were adequate. 


Esophageal stenosis in three patients was treated 
successfully with a single dilatation. These patients 
were able to eat a normal diet without dysphagia. 
One patient, who had dilatation elsewhere, had a 
small esophageal perforation that was treated ex- 
pectantly without further problems. 


No patients, to our knowledge, died from cica- 
tricial pemphigoid or its complications. 


CASE REPORTS 


Case 1. In 1974, oral cicatricial pemphigoid 
developed in a 60-year-old woman. Ocular and 
nasopharyngeal involvement followed in 1978. She 
was treated with dapsone and sulfapyridine, but 
bullae continued to develop occasionally. 


She was seen in our department of otorhinolaryn- 
gology in 1981, 7 years after her symptoms began. 
She described a 2-year history of nasal obstruction, 
and her spouse noted loud snoring, episodes of pro- 
longed apnea, and daytime somnolence. A sleep 
study revealed an apnea index of 34 (apneas per 
hour), average apnea duration of 18 seconds, and 
cesaturation to 84%. These findings were consis- 
tent with mild to moderate obstructive sleep apnea. 


Four months later, nearly 100% nasopharyngeal 
stenosis was evident (Fig 3 shows an example from 
another patient). 


In March 1982, after medical stabilization of her 
diseas2, a Kazanjian palatal flap repair of her naso- 
pharyngeal stenosis was performed. An inferiorly 
based right-sided flap was elevated off the hard and 
soft palate and posterior pharyngeal wall. The ste- 
notic area on the right was divided. The palatal flap 
was Dositioned to cover the raw surface on the pos- 
tero.steral nasopharynx. A widely patent opening 
on t- right side resulted. 


Ac a repeat sleep study 4 months postoperatively, 
improvement was significant. Her apnea index was 
0, wth maximal desaturation to 88%. The patient 
desc- bed improved nasal respiration, increased 
ener zy, and decreased fatigue. She noted a slight 
nas quality to her voice and no nasal regurgita- 
tion. Her nasopharynx remained widely patent 4 
years 7 months postoperatively, and she continued 
to have normal nasal respiration and sleep. 


Case 2. A 61-year-old man noted oral blisters and 
blisters of the trunk and arm beginning in 1983. A 
dias osis of bullous pemphigoid was made, and he 
was ‘reated with prednisone, 25 mg dailv, by his 
loca physician. Hoarseness and ocular lesions soon 
devehoped. The latter eventuated in blindness in the 
righ: eye and symblepharon in the left eye. A diag- 
nosis of cicatricial pemphigoid was then made, ad- 
min stration of dapsone was begun, and larger 
doses of prednisone were given. Anemia developed 
froma the dapsone therapy, and the prednisone pro- 
duced a cushingoid appearance and diabetes mellitus. 


H was first seen at our institution in October 
19&. 18 months after the onset of his disease. La- 
rymeal stenosis and active disease in his only seeing 
eye necessitated hospitalization and aggressive 
mecical therapy. His disease was stable with pred- 
nisere, 60 mg daily, and azathioprine (Imuran), 
150 ng daily. Over the next 3 years, the dose of 
prednisone was tapered to 10 mg daily. 


Exentually, however, progressive stridor re- 
qued a tracheotomy. When the patient returned 
to ‘we Mayo Clinic in March 1987, a laryngeal ex- 
amir ation revealed a l-mm posterior glottic open- 
ing In December 1987, direct laryngoscopy re- 
vealed false cord fixation as well as the glottic ste- 
noss. With the disease medically stable, a midline 
thyrotomy was performed. The scar between the 
true vocal cords in the anterior and posterior com- 
missires was divided. A large Montgomery stent 
wii. a split-thickness skin graft wrapped around it 
we= secured in position. When the stent was re- 
moved 1 month later, the laryngeal lumen was pa- 
tent and the vocal cords were mobile. The voice was 
alsc improved. Two months after the operation, the 
lar,nx was patent, the cords were mobile, and a 
Nc. 3 tracheotomy tube was corked. The trache- 
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otomy tube was to be removed in 3 or 4 months if 
the airway remained open. Nasal valve stenosis was 
to be corrected surgically at that time as well. 


DISCUSSION 


Cicatricial pemphigoid is an uncommon vesic- 
ulobullous disease characterized clinically by the 
development of blisters and scar formation. The 
oral cavity and conjunctiva are involved most com- 
monly, but any mucous membrane of the upper 
aerodigestive tract can be affected. Less frequently, 
the skin is involved. Brunsting and Perry"! and Per- 
son et al’? described a localized variant of cicatricial 
pemphigoid resistant to therapy in which scarring 
bullous plaques occur on the skin of the head and 
neck. Cicatricial pemphigoid is thought to be an 
autoimmune disorder, occurring twice as fre- 
quently in women, with the age of onset typically 
after the fifth decade. 


A patient with blisters or ulcers in the oral cavity 
or pharynx can present a challenging diagnostic 
problem. These patients may be seen first by the 
family physician, internist, dentist, dermatologist, 
or otolaryngologist. Proper evaluation requires a 
knowledge of the vesiculobullous disease. Vesiculo- 
bullous diseases can be confusing because of the 
similarity among them in clinical presentation and 
symptoms, and the initial lesion, an intact blister, is 
not commonly seen. 


The differential diagnosis is lengthy. Acute blis- 
tering diseases, such as herpes simplex and zoster, 
herpangina, varicella, and other viral illnesses, as 
well as acute erythema multiforme and drug erup- 
tions, usually are diagnosed easily. Treatment of 
these disorders is symptomatic or directed toward 
the precipitating factor. In contrast, pemphigus 
vulgaris, cicatricial pemphigoid, bullous pemphi- 
goid, and epidermolysis bullosa acquisita are auto- 
immune disorders that may be misdiagnosed. 
Aphthous stomatitis, erosive lichen planus, des- 
quamative gingivitis, Wegener's granulomatosis, 
and Behcet’s syndrome must also be included in a 
differential diagnosis. A detailed history and physi- 
cal examination, with recognition of early lesions, is 
important for accurate diagnosis. Often the disease 
cannot be recognized solely on clinical appearance. 
Histopathologic and immunopathologic techniques 
are then necessary. 


Routine histologic examination can differentiate 
pemphigus (suprabasilar epithelial separation, 
acantholysis) from pemphigoid (subepidermal bul- 
lae). The lesion in pemphigus is more friable and 
easily disrupted (Nikolsky’s sign).'? Immunofluo- 
rescence studies are also helpful in making the diag- 
nosis of cicatricial pemphigoid. In the literature, 
80% to 97% of patients with cicatricial pemphigoid 
are reported to have positive results on direct immu- 
nofluorescence studies. This incidence agrees with 
our finding of 88% positive results in patients 


tested. The most common pattern revealed a linear 
deposition of immunoglobulins, usually IgG or 
IgM, as well as complement and fibrin, along the 
basement membrane zone. In our experience, cir- 
culating immunoglobulins, as demonstrated by the 
indirect immunofluorescence technique, were 
found in only 5% of the patients tested. 


The clinical presentation and disease course help 
to differentiate bullous pemphigoid from cicatricial 
pemphigoid. Bullous pemphigoid predominantly 
involves the skin, whereas cicatricial pemphigoid is 
mainly a mucosal disorder. Most authors suggest 
that cicatricial pemphigoid and bullous pemphigoid 
may be clinical variants of a disease characterized 
by autoimmunity to distinct basement membrane 
antigens. Immunofluorescence and immunoelec- 
tron microscopic studies indicate that different anti- 
gens within the lamina lucida may be involved in 
the pathogenesis of these diseases. Also, bullous 
pemphigoid has a greater incidence of positive in- 
direct immunofluorescence results than cicatricial 
pemphigoid. One explanation for the failure to 
demonstrate serum antibodies in cicatricial pem- 
phigoid is that the antibodies may be mostly organ- 
and species-specific. Human oral mucosa, rather 
than the monkey esophagus, may have to be used as 
a substrate. Another explanation is that the anti- 
bodies also may be bound to tissue antigens and not 
detectable in serum. Yet another explanation is that 
because cicatricial pemphigoid is a more limited 
disease than bullous pemphigoid, relatively low 
levels of antibodies may not be detected by current 
methods. Despite the many clinical and ultrastruc- 
tural similarities of the pemphigoid diseases, cica- 
trization is seen only in cicatricial pemphigoid. It is 
not known why this phenomenon is selective for this 
disease. 


The most common clinical manifestation of cica- 
tricial pemphigoid is disease of the oral and ocular 
mucosae. Oral lesions include blisters, ulcers, ero- 
sions, and typical desquamative gingivitis. Lesions 
of the oral cavity seldom result in scarring. Ocular 
pemphigoid typically begins as conjunctivitis and 
progresses to entropion and trichiasis. Conjunctival 
scarring results in a symblepharon. Corneal ulcera- 
tion and keratinization may lead to blindness." 


Nasal lesions typically involve the anterior nasal 
region (valve and turbinates) and may cause signifi- 
cant nasal obstruction. Pharyngeal involvement 
may occur at any level. The most significant ste- 
nosis occurs in the nasopharynx. Laryngeal stenosis 
can result in airway obstruction. Esophageal lesions 
can result in strictures causing dysphagia. 


Dapsone is the main drug used to treat cicatricial 
pemphigoid. Topical treatment with a cortico- 
steroid containing topical gels or ophthalmic drops 
is of minor benefit. Intralesionally injected steroids 
are likewise of little help. We have found the main- 
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stey for medical treatment at the Mayo Clinic to be 
dapsone.’'® Dapsone was initially tried in bullous 
pemphigoid as an anti-inflammatory and suppres- 
sive agent and was found to be beneficial.’® A trial 
of dapsone is indicated in virtually all patients with 
early cicatricial pemphigoid. A 12-week therapeu- 
tic trial precedes long-term treatment with systemic 
corticosteroids or immunosuppressive therapy. 


The mechanism of action of dapsone is unclear. It 
has an anti-inflammatory effect similar to that of 
other nonsteroidal anti-inflammatory drugs. Dap- 
sone is contraindicated in patients with glucose-6- 
phosphate dehydrogenase deficiency because of the 
risk of methemoglobinemia. The side effects of dap- 
sone include hemolytic anemia, gastrointestinal in- 
to-erance, and peripheral motor neuropathy. 


Failure to respond to dapsone may require the 
use of systemic corticosteroids and immunosuppres- 
sive agents such as azathioprine and cyclophospha- 
mide, alone or in any combination. Prednisone can 
be used concomitantly with dapsone to facilitate the 
healing of old lesions or to arrest a recurrence. The 
dese of prednisone can be tapered subsequently 
while the patient receives a maintenance dose of 
dapsone with its corticosteroid-sparing effects. Pa- 
tients with active advanced disease may require ini- 
tial therapy with corticosteroids or immunosuppres- 


sive agents, or both.”'5 Y 


After active disease has been controlled medical- 
ly, surgical correction of upper aerodigestive tract 
stencs s is efficacious. Accepted surgical reconstruc- 
tive Bechniques for correcting nasal, nasopharyn- 
geal laryngeal, or esophageal stenosis are helpful in 
givir æ long-term successful results for patients with 
scarmimg from cicatricial pemphigoid. 


SUMMARY 


Cx atricial pemphigoid is a distinct disease entity 
charseterized by a chronic vesiculobullous eruption 
of the mucosa, with ulcers in the upper aerodiges- 
tive fact, ocular mucosa, and skin. The patients 
may be seen initially by the otolaryngologist. Histo- 
patho ogic and immunopathologic techniques are 
esser: al in making a diagnosis. Cicatrization is a 
unicu2 feature of the disease. The otolaryngologist 
may be asked to assist with the surgical manage- 
mene vf scar tissue and stenosis in the nasal cavity, 
nasc arynx, larynx, or esophagus. Long-term re- 
sults cf the surgical management of the complica- 
tion: of cicatricial pemphigoid have been encour- 
aging. Aerodigestive tract patency has been main- 
tainec. Close interdisciplinary cooperation is essen- 
tial m the management of the medical and surgical 
aspets of cicatricial pemphigoid. 
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MECHANISMS OF PNEUMOTHORAX FOLLOWING 
TRACHEAL INTUBATION 
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MARIO CAMPOS, MD EDWARD L. APPLEBAUM, MD 


CHICAGO, ILLINOIS 


To investigate the mechanism by which pneumothorax may occur as a complication of tracheal intubation, we submitted four cats to 
tracheotomy and three to tracheal intubation. To simulate the dissection of air along fascial planes following tracheotomy, we placed 
catheters in either the pretracheal or subcutaneous plane and applied positive pressure to the catheters. The cats undergoing tracheal in- 
tubation were ventilated with excessive positive pressure. Computed tomography was used to document the progression of pneumothorax. 
High positive pressures during mechanical ventilation led to pneumothorax and pneumomediastinum, and the mechanism was primarily 
the dissection of air along the perivascular sheaths of the pulmonary arteries, presumably due to rupture of perivascular alveoli. Dissection 
of air along the pretracheal fascia following tracheotomy produced pneumomediastinum but not pneumothorax. This suggests that 
pneumothorax occurring clinically is more likely a complication of assisted ventilation than a complication of tracheotomy surgery. 


KEY WORDS — endotracheal intubation, pneumomediastinum, pneumothorax, tracheotomy. 


INTRODUCTION dissection of air through the tracheotomy wound in- 

Pneumothorax (PT) and pneumomediastinum to the thoracic cavity. F orbes et al? investigated this 
(PM) are well-known complications of tracheal in- mechanism by performing tracheotomies in nine 
tubation. The incidence of these complications is dogs, then occluding the tracheal cannula to pro- 
higher following tracheotomy than endotracheal in- duce dyspnea. By use of a dye placed into the 
tubation. While this difference implies that PT may wound as a tracer, the course of air into the 
be a direct consequence of the surgical procedure, mediastinum was outlined. Five animals suffered 
the precise mechanism remains obscure in many PM with dye recovered in the mediastinum, but 
cases. only one PT resulted. 

The incidence of PT following tracheotomy in Studying the clinical effect of a compromised alr- 
children is reported to be 10% to 17% .'-3 The inci- way during the performance of tracheotomy in chil- 
dence in adults is 4% .* Various causes of this com- dren, Rabuzzi and Reed’ found a lower rate of PT 
plication have been proposed. In infants and chil- and PM when tr acheotomy was performed with an 
dren, the apices of the pleura may reach the base of endotracheal tube in place. However, one third of 
the neck. Direct injury to the pleura during trache- the patients undergoing . tracheotomy with | en- 
otomy may result in PT.5 dotracheal control of the airway still suffered either 

PT or PM, and these authors speculated that other 

During tracheotomy, air enters the neck. Investi- factors in technique must also be contributory. 
gations on cadavers by Grodinsky and Holyoke‘ They advised the presence of an endotracheal tube 
have demonstrated the continuity of the deepest or bronchoscope, minimal dissection of the pretra- 
division of the middle cervical fascia with the cheal fascia, and the use of controlled positive 
fibrous pericardium. The dissection of air through pressure breathing during pediatric tracheotomies 
this fascial layer at the tracheotomy site into the to reduce the complication rate. 


mediastinum will lead to PM. Pneumomediastinum 
often resolves spontaneously, but may lead to rup- 
ture of the mediastinal pleura, causing PT. Pneu- 
mothorax may also follow the placement of a tra- 
cheotomy tube into a false passage anterior to the 
trachea.’ The dissection of air through the fascial 
planes following tracheotomy may be the mecha- 
nism of PT in some cases. 


The incidence of PT complicating tracheal intu- 
bation has been reported to be 1% .* Tan et al® re- 
viewed PT, PM, and subcutaneous emphysema 
(SCE) occurring as an immediate complication of 
tracheal intubation in adults and found that the 
mechanism usually is attributed to hypopharyn- 
geal, esophageal, or tracheal injury. These authors 
also reported a case of PT and SCE following tra- 


An increase in intrathoracic negative pressure as cheal intubation in a 50-year-old man with diffuse 
a patient struggles to breathe against an upper interstitial lung disease. They documented air dis- 
respiratory tract obstruction may facilitate the secting around the pulmonary artery with a chest 
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Fig 1. Experiment 2. A) Preventilation view of intubated cat prier to injury with excessive positive pressure ven- 
tilation. B) Same cat following ventilation at 55 mm Hg. Pneumomediastinum (long arrow) and subcutaneous em- 
physema (short arrow) are noted. 


radiograph and postulated that increased intra-al- 
veolar pressure during intubation led to rupture of a 
subpleural bleb or cyst. Scott and Viner’ reported 
two children who developed bilateral PT, PM, and 
pneumoperitoneum following tracheal intubation 
and theorized that the mechanism of the complica- 
tions was rupture of alveolar walls secondary to 
high inflating pressure. Arbulu et al'° reported a 
case of SCE and progressive pulmonary insufficien- 
cy leading to death in a 56-year-old woman in the 
postoperative period following esophagectomy. 
They demonstrated tiny perforations of the pul- 
monary parenchyma and visceral pleura and dis- 
cussed the mechanism of alveolar rupture and inter- 
stitial dissection of air. Increased endotracheal pres- 
sure and decreased local lung compliance associated 
with a decrease in the volume of blood flow were 
telt to be the significant factors. 


Mediastinal emphysema may occur spontaneous- 
ly in an apparently healthy individual or because of 
some underlying disease (“medical mediastinal em- 
physema”).'' Patients may present with chest pain, 
dyspnea, SCE, and hypotension. '* The pathogenesis 
of spontaneous PM is thought to be a rupture of 
marginal alveoli. These alveoli, whose bases lie 
along blood vessels, allow air to track along the 
vascular sheaths to the mediastinum.'* Studies by 
Macklin and Macklin'* have shown that regions of 
the lung undergoing relative hyperexpansion will 
have perivascular alveolar rupture if the vascular 
flow does not increase proportionately and a 
pressure gradient ensues between the alveolus and 
underlying connective tissue. This mechanism has 
been investigated in anesthetized cats following 
positive pressure ventilation. Plain x-ray studies 
were used to demonstrate areas of hyperinflation, 


PM, and PT. Histologic sections were used to dem- 
onstrate the sites of alveolar rupture.” 


The object of our study is to determine the rela- 
tive importance of the proposed mechanisms in the 
causation of PT, PM, and SCE following tracheal 
intubation. 


MATERIALS AND METHODS 


Seven colony-raised conditioned cats underwent 
either tracheotomy or tracheal intubation. The 
anim als were anesthetized with ketamine and pen- 
tobazbital. Computed tomographic studies were 
performed with a GE CT/9800 scanner. Nine ex- 
periments were performed, with two cats being 
used a second time for an additional experiment. 
Fo lowing all experiments, the animals were killed 
pamlessly by pentobarbital overdose. 


GROJP 1: TRACHEAL INTUBATION 


“zperiment 1. Orotracheal intubation was per- 
fonred with a 3.5-mm cuffed tube. Respirations 
were controlled with a volume control ventilator 
(Harvard pump). Ventilatory pressures were moni- 
tored continuously by an electronic manometer 
(Bīo-Tek) connected to the system with a “y” con- 
neetor. Ventilator volumes were increased sequen- 
tialy. Computed tomographic scans were per- 
fommed within 5 minutes following changes in ven- 
tilator settings. Pressures of ventilation were in- 
creased, and CT scans were performed at 15, 35, 
and 55 mm Hg. 


Ezperiment 2. Tracheal intubation was per- 
formed as in experiment 1. Computed tomographic 
scams were performed at 15, 25, 40, 55, and 75 mm 
He pressure of ventilation. 
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Fig 2. Experiment 2. A) Axial CT scan with contrast at levels of hilum prior to injury with excessive positive 
pressure ventilation. Pulmonary arteries (arrow) and main bronchi (arrowhead) are seen posterior to cardiac 
silhouette. B) Following ventilation at 40 mm Hg, lucency surrounding right pulmonary artery, corresponding to 
perivascular emphysema, is noted (arrow). C) Following ventilation at 55 mm Hg, bilateral perivascular em- 
physema (short arrows) as well as pneumomediastinum (arrowhead) and subcutaneous emphysema (long arrow) 
are noted. D) Following ventilation at 70 mm Hg, bilateral pneumothorax was noted (arrows). 


Experiment 3. Intubation of the right main stem 
bronchus was performed with a 3.5-mm cuffed 
tube. The position of the catheter was confirmed by 
CT scan. Sequential increases in ventilatory vol- 
umes and CT scans were performed as in experi- 
ments l and 2 at 15, 25, 40, 55, and 65 mm Hg pres- 
sure of ventilation. 


GROUP 2: TRACHEOTOMY 


Experiment 4. Tracheotomy was performed 
through the third and fourth tracheal rings. A win- 
dow of cartilage was removed and a No. 0 cuffed 
pediatric tracheotomy tube (Shiley) was placed. 
The cat was allowed to breathe spontaneously. A 
3.0-mm inner diameter catheter was placed in a 
pocket created in the subcutaneous plane through 
the tracheotomy incision and directed caudally. 


Positive pressure was applied to the catheter by 
compression of a 60-mL syringe attached to the sub- 
cutaneous catheter for lower pressures, and the ven- 
tilator was attached to the catheter to achieve 
higher pressures. Pressures were monitored similar- 
ly to those in the group 1 experiments. Computed 
tomographic scans were performed following in- 
cremental increases in pressure. Pressures of 0 to 60 
mm Hg were transmitted through the subcutaneous 
catheter, and CT scans were obtained at 35, 45, and 
60 mm Hg. 


Experiment 5. Tracheotomy was performed as 
described in experiment 4. A 3.0-mm inner diame- 
ter catheter was placed in the pretracheal fascia and 
directed caudally. Positive pressure was applied, 
and serial CT scans were performed at pressures 
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Fig 3. Experiment 3. A) Following intubation of right maia stem bronchus and ventilation at 55 mm Hg, 
perivascular emphysema (short arrow) of right pulmonary arery, pneumomediastinum (arrowhead), and sub- 
cutaneous emphysema (long arrow) are noted. B) Following ventilation at 65 mm Hg, pneumopericardium (shor- 
arrow), with outline of intrapericardial portion of both pulm~nary arteries (arrowhead), is noted. Endotracheal 
tube is seen in right main stem bronchus (long arrow). 


generated through the pretracheal catheter of 10, 
30, 50, and 70 mm Hg. 


Experiment 6. The cat from experiment 4 was 
used following a 2-hour dormant period after 
removal of the subcutaneous catheter. An 18-gauge 
needle was placed in the pretracheal fascia and 
directed caudally. Positive pressure was applied, 
and serial CT scans were performed at 30, 60, 100, 
150, and 300 mm Hg. 


GROUP 3: TRACHEOTOMY WITH 
DELIBERATE INJURY 

Experiment 7. Tracheotomy was performed as 
described in experiment 4. Prior to insertion of a 
tracheotomy tube, an incision was placed in the 
posterior tracheal wall to a depth of 3 mm. No 
positive pressure was applied. The cuff of the tube 
was not inflated. Computed tomographic scans 
were performed at 5-minute, l-hour, and 2-hour 
intervals following injury. 


Experiment 8. During the tracheotomy proce- 
dure, injury to the dome of the pleura was at- 
tempted through the tracheotomy incision. 


Experiment 9. The cat from experiment 7 was 
used following a 2-hour dormant period. Injury te 
the pleura was induced with an 18-gauge needle 
through the second intercostal space, and a CT scar 
was performed. 


RESULTS 


GROUP 1: TRACHEAL INTUBATION 


Experiment 1. At pressures of 15 and 35 mm Hz. 
no changes were noted. At 55 mm Hg, PT, PM, aad 
SCE in the neck and both axillae were noted. 


Experiment 2. The earliest change was noted at 
O mm Hg, when lucency around the right pul- 
monary artery corresponding to perivascular em- 
paysema (PVE) was noted. After increasing the 
pressure to 55 mm Hg, we noted bilateral PVE. At 
tnis pressure, lucency anterior to the heart, in- 
dicating PM, was noted, as well as lucency in the 
neck and left axillae, indicating SCE. When the 
pressure was increased to 70 mm Hg, PT developed 
(Figs 1 and 2). 


Experiment 3. The earliest change was noted at 
95 mm Hg, when lucency indicating PVE was de- 
tected around the right pulmonary artery only. This 
unilateral PVE persisted at 65 mm Hg, at which 
pressure pneumopericardium and PM were noted 
(Fig 3). 


GROUP 2: TRACHEOTOMY 


Experiment 4. At 35 mm Hg of transmitted 
pressure, diffuse SCE developed in the neck, axil- 
lae, and thoracic wall. No ectopic air was noted in- 
trathoracically over the range of pressures tested 
(Fig 4A). 


Experiment 5. The earliest change was noted at 
30 mm Hg, when PM and SCE of the neck and right 
axillae were detected. These findings persisted over 
the range of pressures tested, and PT did not devel- 
op (Fig 4B). 


Experiment 6. Computed tomographic scans at 
30, 60, 100, 150, and 300 mm Hg revealed PM and 
SCE. Pneumothorax did not develop. 


GROUP 3: TRACHEOTOMY WITH 
DELIBERATE INJURY 


Experiment 7. No change was detected on CT 
scan following injury to the posterior tracheal wall. 
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Fig 4. Experiments 4 (A) and 5 (B). A) Following tracheotomy and application of positive pressure through sub- 
cutaneous catheter, only subcutaneous emphysema (arrow) was noted. B) Following tracheotomy and application 
of positive pressure through pretracheal catheter, pneumomediastinum (arrowhead) and subcutaneous em- 
physema (arrow) were noted. Perivascular emphysema did not develop. 


Experiment 8. Extensive dissection through the 
tracheotomy incision revealed that the pleura was 
not accessible in the neck of the cat. No change was 
noted on CT scan. 


Experiment 9. Injury to the pleura performed 
through the right second intercostal space resulted 
in bilateral PT. 


DISCUSSION 


Pneumothorax did not develop in the four cats 
that underwent tracheotomy. Catheters placed sub- 
cutaneously and in the pretracheal fascia with ap- 
plied positive pressure simulate the clinical situa- 
tion of air entry into the neck during and after tra- 
cheotomy. Air that may enter the superficial aspect 
of aneck wound would be expected to result in SCE 
only. Grodinsky and Holyoke® described the su- 
perficial fascia as being a continuous sheet extend- 
ing from the head and neck into the thorax, shoul- 
ders, and axillae. This was demonstrated in experi- 
ment 4, where positive pressure applied to a cathe- 
ter placed superficially resulted in SCE confined to 
the neck, axillae, and thoracic wall. The middle 
layer of the deep cervical fascia was described as the 
visceral layer, as it completely surrounds the 
thyroid gland, trachea, and esophagus. Inferiorly, 
it is continuous with the fibrous pericardium. 
Grodinsky and Holyoke® demonstrated that in- 
jections into this potential space spread to the bi- 
furcation of the trachea at its lowest point. In ex- 
periments 5 and 6 we demonstrated that air entry 
into this space readily produced PM but did not 
produce PT, despite high pressures. This finding is 
consistent with the investigation of Forbes et al? in 
which five of nine dyspneic dogs developed PM but 
only one developed PT following tracheotomy. 


Thus, the dissection of air from the deeper aspect of 
the tracheotomy wound proceeds relatively unim- 
peded into the mediastinum, but the secondary rup- 
ture of mediastinal pleura and the development of 
PT is much less likely. 


Thompson and Reed’® reported a tear in the 
membranous trachea during a thoracotomy with- 
out evidence of PT, pneumopericardium, or SCE. 
Scott and Viner’ speculated that the inflating 
pressure may be more important than the breach of 
continuity of the mucous membrane in the develop- 
ment of these complications. This concept was sup- 
ported by our experiment 7, which showed no ec- 
topic air following injury to the posterior tracheal 
wall. 


Pneumothoraces developed in two of three intu- 
bated cats that were ventilated with excessive posi- 
tive pressure. Experiment 2 demonstrated bilateral 
PVE of the pulmonary arteries prior to the devel- 
opment of PT. We wished to determine whether 
this was a direct factor in the development of PT or 
merely a manifestation of another site of injury, 
such as a possibly undetected tracheal injury secon- 
dary to intubation or ventilation. Hence, in experi- 
ment 3, we selectively intubated the right main 
stem bronchus. In this experiment, the PVE that 
resulted was limited to the right pulmonary artery 
and was noted prior to the development of PM. This 
indicates that the PVE seen in experiments 2 and 3 
was a direct result of ventilation with excessive 
positive pressure and preceded the development of 
PT and PM. The PVE was likely the direct manifes- 
tation of rupture of marginal (perivascular) alveoli 
as theorized by Macklin and Macklin.'* The free air 
next dissected proximally to the mediastinum to 
produce PM. Pneumothorax then occurred secon- 
darily. 
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CONCLUSIONS 


l. Pneumothorax is more likely to occur during 
ventilation with excessive positive pressure than 
as a direct consequence of the tracheotomy op- 
eration. 

2. The mechanism of PT in these cases is likely the 
result of rupture of the perivascular alveoli. 
Pulmonary interstitial emphysema occurs first 
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abng the pulmonary artery; then PM occurs. 
subcutaneous emphysema or PT may follow. 


3. -ollowing tracheotomy, dissection of air 
hrough the fascial planes in the neck may 
use PM or SCE, but is unlikely to cause PT. 

4. ~eosterior tracheal wall injury in the absence of 


applied positive pressure is unlikely to produce 
“Mi or PT, 
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RIB CARTILAGE GRAFTS FOR THE TREATMENT OF POSTERIOR 
GLOTTIC AND SUBGLOTTIC STENOSIS IN CHILDREN 


GEORGE H. ZALZAL, MD 


WASHINGTON, DC 


Posterior glottic and subglottic stenosis from endotracheal intubation in children can be managed endoscopically with varying success. 
Open surgical treatment offers a better potential for correction with a single procedure in moderate and severe cases. The open method 
consists of splitting the scar and cricoid cartilage posteriorly to the level of the interarytenoid muscle, then stenting the incised cricoid open 
with a rib cartilage graft. Use of this method is described, and results in 12 cases are reported. Decannulation was achieved in ten patients. 
In all patients who were decannulated, good exercise tolerance, freedom from aspiration, and an adequate voice quality were achieved. 


KEY WORDS — cartilage graft, glottic stenosis, subglottic stenosis. 


INTRODUCTION 


Use of endotracheal intubation over the past two 
decades has resulted in a marked increase in inter- 
nal laryngotracheal trauma at several sites. A com- 
monly involved site is the posterior glottis. 


Posterior glottic scarring with a band formation 
between the two vocal processes occurs secondary to 
endotracheal tube erosion of the mucosa by pres- 
sure, secondary infection, perichondritis, chondritis 
of arytenoid bodies, or formation of granulation 
tissue.' Arytenoid fixation with vocal cord immobil- 
ization or “pseudolaryngeal paralysis”? has a similar 
cause with different pathophysiologic characteris- 
tics.? The interarytenoid space is the area between 
lax mucosal folds necessary to allow rotation and 
gliding of the arytenoids. It contains the inter- 
arytenoid muscle. These spaces are distended readi- 
ly by blood, and if the blood is not evacuated com- 
pletely two pathologic processes may occur. The he- 
matoma may be absorbed by macrophage invasion, 
or fibrous tissue may form. The collagen in fibrous 
tissue eventually contracts, causing stenosis and loss 
of mobility. 


Whited* studied a group of 200 intubated pa- 
tients and found an incidence of posterior glottic 
stenosis of 5.5%. He also discovered that most of 
the stenosis was associated with laryngotracheal 
stenosis in other sites. However, the incidence of 
isolated posterior laryngeal stenosis was 1%. Pos- 
terior glottic stenosis has been classified into four 
types’: type 1, glottic-interarytenoid scar with a 
normal posterior commissure; type 2, both interary- 
tenoid and posterior commissure scarring; type 3, 
scarring over the posterior commissure that extends 
into one cricoarytenoid joint; and type 4, extensive 
scarring involving both cricoarytenoid joints. 


Variable success has been achieved with endo- 
scopic management of posterior glottic stenosis. 
Cohen? treated seven patients with laser: three were 
decannulated (two with persistent stridor) and the 
rest were helped by simple division of the scar. Ac- 
cording to Cohen, the success of the therapy ap- 
peared to be dependent on the severity of the scar- 
ring. 


Experimental use of the carbon dioxide laser® on 
six dogs with subglottic and upper tracheal stenosis 
was slightly helpful in two dogs. However, the 
other four dogs had the same preexcision lesions or 
developed complete stenosis of the area, with the 
authors® questioning the effectiveness of the use of 
the laser. The micro-trap door flap technique using 
carbon dioxide laser described by Dedo and Sooy’ is 
helpful in mild to moderate stenosis. Some of the 
patients described did not have tracheotomy, and 
no tracheotomy was needed. These patients did 
well if type 1 stenosis was present. However, in the 
absence of a posterior sinus or fistula to provide 
mucosa, simple excision of scar usually failed. 
When there was enough mucosa on the anterior 
face of the scar to permit creation of a micro-trap 
door mucosal flap, it succeeded. Using a similar 
technique in mild cases (five of six patients had no 
preoperative tracheotomy), Duncavage et al? found 
that upper tracheal scars are managed more suc- 
cessfully than the posterior commissure lesions. 
Type 1 scars respond quite favorably; thick scars 
and those that fix the cricoarytenoid joint were the 
most difficult to manage. 


Cotton and Manoukian’ summarized the treat- 
ment of posterior glottic stenosis in children as 
follows: endoscopic division of the scar band if 
mucosally lined scar band is present posteriorly, 
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TABLE 1. PATIENT PROFILE 
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Age at Age at Mobility of Vocal Cords _ Cartilage Grafts _ 
Fatient Sex Tracheotomy Surgery Location of Stenosis Preoperative Postoperative Posterior Anterior 
l F 4 mo l yr 11 mo Posterior glottic and sub- Ne abduction Mobile Yes No 
glottic 
2 M 6 mo 3 yr 2 mo Circumferential subglottic; Mobile Mobile Yes Yes 
suprastomal collapse 
3 M 4 mo 3 yr Posterior glottic and sub- No abduction Mobile Yes Yes 
glottic; near-total obstruc- 
tion; suprastomal collapse 
4 M 2 mo* 5 yr 2 mo Posterior subglottic; bilat- Mobile Mobile Yes Yes 
eral shelves 
5 M 15 mo 2 yr 11 mo Circumferential glottic and Mobile Mobile Yes Yes 
subglottic; suprastomal col- 
lapse 
6 M 2 mo 2yr2mo Posterior glottic and sub- Mild limitation to Mobile Yes Yes 
glottic; bilateral shelves abduction 
7 M 7 mo 2 yr 3 mo Circumferential glottic and “Mobile Mobile Yes Yes 
subglottic; suprastomal col- 
lapse 
8 F 19 yr 19 yr 6 mo Posterior glottic No abduction Mobile Yes No 
9 M 2 mo l yr 7 mo Posterior glottic and sub- Limited abduc- Mobile Yes Yes 
lottic; suprastomal col- -ien 
apse 
10 M 14 wk l yr 9 mo Posterior subglottic; band “Mobile Mobile Yes Yes 
inside lumen 
1] M 5 mo l yr 4 mo Posterior glottic and sub- Mobile Mobile Yes Yes 
lottic; suprastomal col- 
apse 
12 M 4 mo l yr 6 mo Posterior glottic; circum- Mobile Mobile Yes Yes 


ferential subglottic 


“Patient 4 received another tracheotomy at 5 years of age. 


and laser for mild cases. However, for severe cases a 
laryngofissure and incision of the scar may be 
needed, with occasional posterior cricoid grafting. 


Several open methods for treatment of posterior 
glottic and subglottic stenosis have been used. The 
use of posterior cricoid split and costal cartilage rib 
graft in 12 children is described. 


MATERIALS AND METHODS 


Subjects. Twelve patients (Table 1) with posteri- 
ar glottic and/or subglottic stenosis underwent la- 
ryngotracheal reconstruction between October 
E986 and January 1988. All patients had stenosis 
secondary to endotracheal intubation and were 
tracheotomy-dependent. They had undergone an 
average of 4.4 endoscopic procedures (dilation, 
laser excision) per patient (range in number of pro- 
cedures, 0 to 11). One patient presented after 
failure of open surgical reconstruction, and another 
efter cricoid split. There were ten males and two 
females, with an age range of l year 4 months to 19 
wears. (Eleven were less than 5 years 3 months). 


Preoperative evaluation consisted of a thorough 
history and physical examination. Radiographic 
evaluation consisted only of plain airway films. A 
barium swallow study was used as an initial test for 
patients suspected of having gastroesophageal 
reflux. Direct laryngoscopy and bronchoscopy were 
performed on all patients and videotaped. Elec- 


tromyographic recording of the larynx was per- 
for ned on one surgical candidate, who had both 
nevrogenic vocal cord paralysis and posterior glot- 
tic stenosis secondary to diphtheria. Electro- 
my graphy should be performed if vocal cord pa- 
ral~sis is suspected. 


Eolated posterior stenosis was present in five pa- 
tients: one at the glottic level (Fig 1A), two at the 
sukglottic level, and two at both levels (Fig 1B). 
Two patients had lateral shelves in the subglottic 
area, with posterior stenosis in the subglottis in one, 
ane the glottis and subglottis in the other. Four pa- 
tiemts had circumferential subglottic stenosis, with 
steaosis extending into the posterior glottis in three. 
Suprastomal collapse was present in six patients. 
Th-ee patients had no abduction of the vocal cords, 
and two patients had only partial abduction (Table 
1). 


Surgical Procedure. With the patient in the hy- 
pemextended neck position, general anesthesia is ad- 
ministered through the previously existing trache- 
otany. A horizontal skin incision is performed in 
the right anterior chest wall. A large, straight piece 
of rib cartilage is removed with the lateral peri- 
chendrium intact. 


A U-shaped subplatysmal skin flap is elevated in 
the neck. The strap muscles are retracted laterally. 
A nidline anterior incision is made in the larynx 
ani upper trachea. The posterior scar and full 
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Fig 1. Posterior stenoses. A) Isolated glottic. B) Isolated glottic and subglottic. 


length of the posterior lamina of the cricoid are 
divided in the midline down to the hypopharyngeal 
mucosa. No scar excision is performed. The superior 
aspect of the incision is at the level of the in- 
terarytenoid muscle. The nonfunctional fibrotic 
muscle fibers also are incised. The interarytenoid 
muscle should not be cut completely. A boat-shaped 
piece of cartilage with the perichondrium facing the 
lumen is sutured in the posterior cricoid incision, 
stenting the cricoid lamina open (Fig 2). Simple 4-0 
Vicryl sutures are used through the mucosa, cricoid 
lamina, cartilage graft, and perichondrium. The 
graft, although sutured, is not stable enough to re- 
main in place, and stenting is needed. An Aboulker 





stent’? is used. The patients are given antibiotics 
throughout the period of stenting. Endoscopic ex- 
amination of the stent is performed every 3 weeks. 
Granulation tissue if present is removed only if 


pedunculated. 


RESULTS 


The stents have been removed in 11 patients. Ten 
have been decannulated and are leading normal 
lives. An average number of three endoscopies per 
patient was done after stent removal. No dilation 
was performed, and decannulation was achieved 
between 2 and 10 weeks (average, 5 weeks) after 
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Fig 2. Boat-shaped cartilage graft. A) In posterior cricoid area. Arrow — graft. B) In posterior subglottic area. Larynx and trachea 
are open in midline anteriorly. Arrows — graft. C) Cross section at subglottic level after insertion of cartilage graft (arrow). 
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TABLE 2. VOICE RESULTS 


Quality Intelligibility 
Pre- Post- Pre- Post- 


Pctient operative operative operative operative 
l Husky Husky Good Better 
2 Normal Normal Good Better 
3 Normal Hoarse Good Worse 
4 Normal Husky Good Same 
5 Normal Normal Good Better 
6 Normal Husky Good Worse 
7 Whispery Whispery Poor Better 
8 Husky Husky Good Same 
9 Aphonic Hoarse NA NA 

10 Normal Hoarse Good Same 
11 Normal Hoarse NA NA 
12 Normal Hoarse NA NA 


NA — nonapplicable because patient is aphonic or prelingual. 


stent removal. Good exercise tolerance (patients are 
leading normal lives) is present in all patients. No 
foed aspiration occurred. Voice quality (Table 2) 
was assessed by the household member who spent 
the most time with the patient before and after 
surgery. Voice was classified as aphonic, whispery, 
husky, hoarse, and normal. Of eight patients who 
had normal preoperative voices, postoperatively 
four had hoarseness, two had a husky voice, and 
two had no change. Voice intelligibility improved 
in four patients, worsened in two, and did not 
change in three. Vocal cord mobility returned to 
normal in those with no abduction (three patients) 
and those with limited abduction (two patients). 


DISCUSSION 


Rethi in 1956'' described his procedure of 
treating posterior glottic and subglottic stenosis in 
adults with a simple verticle incision. This method 
should be considered, especially when the posterior 
glettis and subglottis are affected markedly. Long- 
term stenting is needed in these cases. Aboulker’® 
described his modification of the Rethi procedure 
ard was the first to use it in children. Grahne”’ also 
used this procedure in children, and in 1985 Rinne 
et al" expressed their opinion that no interposition 
cartilaginous or bony grafts are needed between the 
haves of the cricoid cartilage. 


Montgomery" was the first to describe a superi- 
or y based U-shaped mucosal flap under which the 
scer tissue and fibrosed interarytenoid muscle may 
be resected. The flap then is sutured into position, 
ensuring coverage of all denuded areas. Later, 
Mentgomery'® suggested that on occasion a free 
graft of nasal or buccal mucous membrane, dermis, 
or split-thickness skin graft can be used, in that 
order of preference. In 1984,'° he described his 
method of posterior cricoid split and the use of two 
small thyroid cartilage lamina grafts with inner and 
ower perichondrium. Fascia was used to cover the 
anterior wall of the posterior cricoid, and buccal 
mucosa to cover the surgical site. A stent or a T-tube 


was aed and an anterior cartilage graft was added. 
A different method of posterior cricoid splitting and 
carti age grafting also was described by Meyer” in 
1972 in five patients who underwent a two-stage 
techai que. 


Werda’? and Cotton et al’? have described their 
methods of posterior cricoid grafting. Cotton, a 
pionzer of laryngotracheal reconstruction in 
chilaven, recently described management of severe 
subg attic stenosis in 48 cases (unpublished data). 
Mangement included posterior cricoid split, with 
poster or graft when applicable, and Aboulker pros- 
thesis stenting. 


Hef? described his modified Rethi technique 
withthe use of costal cartilage, which is rectangular 
in shape and notched laterally. Sixty-three children 
undervent this procedure in two centers (Zurich 
and Munich). Eighty percent decannulation was 
achieved, usually 6 months after surgery, leaving 
patients with a slightly deep, hoarse voice. The 
prognesis was worse in children with tracheal ste- 
nosis nd associated anomalies such as vocal cord 
para ysis. 


Macdalozzo and Holinger”' reviewed their ex- 
perieace with laryngotracheal reconstruction in 20 
chil@en and retrospectively suggested aggressive 
surgīal management with use of cartilage grafts in 
the posterior cricoid. 


Tte indications for posterior cricoid split and car- 
tilag> grafting in this series of patients included 
poster or glottic and/or subglottic stenosis whether 
it wes isolated, part of a circumferential stenosis, or 
assoGzted with bilateral subglottic shelves. Another 
indica-ion would be total obstruction at the glottic- 
subg attic level. Absence of a rigid posterior cricoid 
lamiia (cartilage or scar) is a contraindication to 
graffir g. Ten patients in this series required an- 
terior cartilage grafting, especially in the supra- 
stomal area, to build up a rigid anterior tracheal 
wall Isolated posterior glottic/subglottic stenosis 
without accompanying tracheal lesions can be man- 
aged with posterior grafts or incision and long-term 
stentrg. During the same period of this study, 
sever patients underwent posterior cricoid split 
with leng-term stenting. Cartilage grafting was not 
done in two patients because of the absence of rigid 
carti age in the posterior cricoid lamina. In the 
othe: “ive patients, posterior grafting was believed 
unneessary, because it was felt that long-term 
stent rg was enough. Three of these patients could 
not be decannulated, two of them having under- 
gone anterior grafting. This experience seems to be 
similar to that of Maddalozzo and Holinger.”’ 


Ava lability of rib cartilage with low morbidity 
(no ».meumothorax encountered) is an attractive 
choiee for children whose thyroid laminae are small 
and +in. A single boat-shaped piece of cartilage 
sutumed to the posteriorly open cricoid lamina will 
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prevent scar tissue from filling the gap, especially in 
the superior aspect, where the graft is pointed and is 
filling the area of previously cut fibrosed inter- 
arytenoid space. The presence of perichondrium to- 
ward the lumen will promote epithelialization and 
protects against graft infection.”” No further fascial 
or buccal mucosal grafts are needed. Previous at- 
tempts to notch the graft laterally as reported by 
Hof” were marked by major problems: 1) unavaila- 
bility of costal cartilage (in young children) thick 
enough to allow a thick, scarred posterior cricoid 
lamina into the notch and 2) a decrease in anteri- 
or/posterior diameter of the subglottic lumen, since 
the graft must protrude into the lumen because of 
the lateral flanges. 


Insertion of a posterior graft allows a shorter 
duration of stenting, approximately 4 weeks in 
localized posterior stenosis, as compared to a period 
of 6 months when grafts are not used. The advan- 
tages of a shorter period of stenting are decreased 
morbidity (and possibly mortality), shorter dura- 
tion from surgery until decannulation, and less 
damage to normal laryngeal and tracheal structures 
from an indwelling foreign body. 


No graft extrusion occurred, and in a previously 
operated patient referred for surgery, biopsy of 
graft inserted | year earlier showed the cartilage to 
be viable. Animal studies have shown that cartilage 
grafts do survive and are covered with respiratory 
epithelium.”? Krajina and Vecerina®® described a 
12-year-old boy who received 6,060 rad for thyroid 
papillary cystadenocarcinoma. A posterior cricoid 
rib graft was rejected, with necrosis of the anterior 
laryngeal and tracheal wall, indicating the need for 
healthy tissues and blood supply. 


Complete inability to abduct the vocal cords was 
present in three patients, and limited abduction in 
two. All patients had good vocal cord mobility after 
surgery, with the longest follow-up being 13 months 
in one patient, without refixation of the arytenoids. 
Traditionally, treatment of type 4 posterior glottic 


stenosis has been scar resection and arytenoidec- 
tomy. Schaefer et al?* reported on one child and 
three adults in whom adhesions within and sur- 
rounding the medial aspect of the cricoarytenoid 
joint were incised and superiorly based flaps ad- 
vanced from the arytenoids. Patients had 2 to 3 
weeks of stenting and then intensive voice therapy 
was started 4 to 6 weeks postoperatively. Two pa- 
tients had good voice and good airway, one patient 
had intermediate voice and airway, and one patient 
had good voice but could not be decannulated. 


One patient in this series is undergoing long-term 
stenting because of tracheal collapse. Ten of 11 pa- 
tients have been decannulated. Good exercise toler- 
ance has been achieved, with no problems with as- 
piration. 


The voice results were compiled in a crude man- 
ner and depended on the household member spend- 
ing the most time with the patient. A voice labora- 
tory with recording and sophisticated analysis was 
not available for this group of patients. From the 
available information, the voice results are satisfac- 
tory. Most parents also observed an improvement in 
voice quality with time. 


CONCLUSION 


The use of costal cartilage grafts for treatment of 
posterior glottic and subglottic stenosis offers sever- 
al advantages. The procedure is not technically dif- 
ficult. No mucosal flaps are elevated, and no sub- 
mucosal scar excision is needed. Only incision of the 
scar should be performed. A shorter period of stent- 
ing is needed, since the cartilage will counteract 
any contracture secondary to scarring and will fill 
the gap between the posterior cricoid lamina, there- 
by decreasing the amount of scar tissue and the pos- 
sibility of recurring stenosis and arytenoid fixation. 


Decannulation was achieved in ten patients, with 
good exercise tolerance. Normal vocal cord mobility 
returned in all five affected patients. No aspiration 
occurred, and voice results were satisfactory. 
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“SABER-SHEATH” TRACHEA 
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SAN FRANCISCO, CALIFORNIA 


Narrowing of the intrathoracic trachea in the coronal plane with anteroposterior lengthening is characteristic of the “saber-sheath” 
trachea deformity. This structural disorder is strongly associated with chronic obstructive pulmonary disease and may be related to chronic 
bronchitis. Although lateral compression suggests weakening and collapse, the supporting tracheal cartilage is usually thickened and dense- 
ly calcified. We present a patient who was discharged after uneventful total laryngectomy but later complained of increasing airway 
obstruction from crusted secretions, resulting in visits to the emergency room and admission to the hospital. After the diagnosis was made 
by computed tomography, tracheal dilation was performed with some improvement. The diagnostic findings of the saber-sheath trachea, 
differential diagnosis, possible causes, and clinical implications are discussed. 


KEY WORDS — computed tomography, obstructive lung diseases, saber-sheath trachea, tracheal stenosis. 


INTRODUCTION 


‘‘Saber-sheath” trachea is a term used to describe 
coronal narrowing of the intrathoracic trachea. ' 
The extrathoracic trachea has a normal anatomic 
configuration but abruptly narrows at the thoracic 
inlet. A saber-sheath trachea is defined as one with 
a coronal diameter less than or equal to one half of 
its sagittal diameter.’ Although the narrow width 
suggests lateral compression of weak and pliable 
cartilage, the deformity is relatively fixed and the 
cartilage is thick and densely calcified. The diag- 
nosis of saber-sheath trachea is made on radio- 
graphic or physical examination because of the lack 
of apparent clinical symptoms, despite a greater 
than 50% reduction in coronal diameter. The large 
margin of safety in the adult trachea contributes to 
this lack of symptoms, as demonstrated in one 
model in which a 70% reduction of tracheal lumen 
was needed to significantly decrease airflow.’” 


We present a patient who had an asymptomatic 
saber-sheath trachea deformity that became a seri- 
ous clinical problem, ironically, after seemingly 
successful total laryngectomy and radiation therapy 
for squamous cell carcinoma of the supraglottic lar- 
ynx. 


CASE REPORT 


A 68-year-old man came to the otolaryngology 
clinic at the Kaiser Permanente Medical Center in 
San Francisco in July 1986 after 3 weeks of burning 
throat pain. The patient smoked ten cigars and half 
a pack of cigarettes per day. Past medical history in- 
cluded chronic obstructive pulmonary disease 
(COPD) with chronic bronchitis and repeated epi- 
sodes of upper and lower respiratory tract infection 
treated with antibiotics. Chronic cough of yellow- 


white sputum and dyspnea on climbing one flight of 
stairs had been present for more than 5 years. A 
chest radiograph in 1982 was observed to show an 
“abnormal, thick-walled trachea.” Pulmonary 
function testing showed reduced airflow at all lung 
volumes, with a forced vital capacity of 2.80 (63% 
of predicted) and a forced expiratory volume in 1 
second (FEV 1) of 2.07 (68% of predicted). Residual 
volume was 150% of normal. Flow volume loop 
study showed decreased flow at all lung volumes 
and possible plateauing of flows during expiration, 
raising the possibility of a degree of upper airway 
obstruction. Flow volume loop study did not dem- 
onstrate any evidence of upper airway obstruction 
in August 1984. The test of arterial blood gas on 
room air showed pH = 7.45, PCO2= 44, PO2=65, 
and HCO3= 28 with 94% saturation. Review of the 
admission chest radiograph showed clear lung 
fields, mild cardiomegaly, and poor definition of 
the trachea. Direct laryngoscopy disclosed a 
2.5 x 2.0-cm poorly differentiated squamous cell 
carcinoma in the supraglottis. Because of his 
chronic lung disease and computed tomography 
revealing probable tumor extension into the 
preepiglottic space, total laryngectomy, rather than 
conservation surgery, was performed in August 
1986. Margins of resection were clear and the pa- 
tient was discharged on the eighth day of a smooth 
postoperative course. 


Two days after discharge, the patient returned to 
the emergency room with airway obstruction, which 
improved with humidified oxygen and cleaning of 
the stoma. He was admitted 2 days later with the 
same complaint. Coronal narrowing of the trachea, 
which appeared to be a vertical slit just proximal 
to the normal stoma, was noted and dried crusts 
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Fig 1. Patients saber-sheath trachea deformity. A) Orientation chest xray film for computed tomography. Narrow coronal 
diameter makes trachea appear as thin radiolucent line on anteroposterior view. B) CT scan of superior mediastinum demonstrates 
marked coronal narrowing of intrathoracic trachea with normal surrounding structures. Bonelike density is seen in thickened 
tracheal cartilage. 


were removed. The restriction in the trachea was 
not distensible and would not admit a 4-mm diame- 
ter fiberoptic nasopharyngoscope. Radiography 
(Fig 1A) and a CT scan demonstrated diffuse coron- 
al narrowing (Fig 1B) of the intrathoracic trachea 
and main bronchi with thickened, calcified carti- 
lage but with a normal-appearing mediastinum and 
preservation of the surrounding tissue planes. 
Al-hough the patient tolerated radiation therapy 
well, he returned frequently to the emergency room 
with recurrent airway obstruction despite intensive 
medical therapy using bronchodilators, Mucomyst 
(Mead Johnson, Evansville, Ind), supersaturated 
potassium iodide solution, courses of antibiotics, 
steam inhalation, saline irrigation, and local care 
wich moisturizing ointment at the stoma. 


Because of persistent and severe intermittent air- 
wey obstruction, the patient was brought to the 
operating room for dilation and possible medial 
sternotomy, cardiopulmonary bypass, and intra- 
thoracic tracheal stenting with arch bars. A pedi- 
atric endotracheal tube was inserted in the ventral 
airway and a long nasal speculum was inserted into 
the lumen. The speculum was manually opened, 
fracturing the tracheal cartilage and allowing inser- 
tion of successively larger endotracheal tubes, to 
size 6. The endotracheal tube was removed and 
escphageal bougies up to 34 F in diameter were in- 
serted. After examination with a 7 mm x 40-cm 
brenchoscope to verify an adequate airway to the 
carina, the stoma was dilated to allow insertion of a 
customized long No. 8 metal Jackson laryngectomy 
tube. The patient was discharged 2 days later, 
breathing more easily than at any time after laryn- 
gectomy. Although his airway is much improved, 
he periodically has difficulties with crusting. 


DISCUSSION 


The pattern of tracheal narrowing seen on direct 
examination of the patient’s stoma and on chest 
radiecgraphy would suggest compression from a 
med. astinal mass, a possibility easily eliminated by 
the CT scan. The differential diagnosis of diffuse 
tracheal narrowing includes the submucosal and 
musevlar deposition of amyloid. Tracheobron- 
chopa-hia osteochondroplastica is characterized by 
the ceposition of submucosal bone and cartilage in 
the tracheobronchial tree of older men. Relapsing 
polyetondritis can affect the cartilage of the 
trachea as it does the joints, nose, or ear. Infection 
with Klebsiella rhinoscleromatis causes mucosal 
thickening and nodular masses from chronic granu- 
loma end usually also involves the larynx and nasal 
cavities. A more localized lesion suggests a primary 
or mecastatic neoplasm, stricture, or granuloma, 
althcugh an atypical saber-sheath trachea with an 
irregu ar and nodular wall has been described. ° 


Alt ough not diagnostic, our patient’s flow vol- 
ume loop study suggested upper airway obstruc- 
tion. L is unclear whether the source of this finding 
was ‘fe patient’s saber-sheath trachea or a supra- 
glottic tumor, because results of a previous flow vol- 
ume loop study were normal 2 years after tracheal 
deformity was observed on radiographs. 


Obstructive symptoms may occur after separa- 
tion o- the upper aerodigestive tract, presumably 
because of crusted secretions from the loss of nasal 
humidification of inspired air. Thin and more pro- 
fuse secretions may help prevent crusts from block- 
ing the compromised lumen. The use of bronchodi- 
lators to maximize pulmonary function makes 
cougn more effective. Because this type of tracheal 
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Fig 2. CT scan of “control” patient with chronic obstruc- 
tive pulmonary disease obtained as part of workup for car- 
cinoma of lung. Despite increased lung volumes causing 
barrel chest deformity and narrow mediastinum, trachea 
maintains its usual shape with normal cartilage. 


deformity is fixed, dilation should be approached 
with caution. Cartilage may be outfractured to ac- 
commodate a tracheal tube and enlarge the airway. 
However, in our patient, periodic airway distress 
makes median sternotomy and intrathoracic stent- 
ing with arch bars also a consideration.® Crusting of 
secretions would likely be less of a problem after 
conservation laryngeal surgery, although a patient’s 
ability to tolerate that procedure is difficult to 
gauge. No report of partial laryngectomy in a pa- 
tient with the saber-sheath trachea deformity was 
located in the literature. 


The saber-sheath trachea deformity is relatively 
prevalent. In consecutive routine admission chest 
radiographs of older men, Greene’ found saber- 
sheath trachea deformity in two of 60 control pa- 
tients. A clinical diagnosis of COPD was made in 
95% of 60 patients known to have saber-sheath 
trachea, compared to 18% of control subjects. The 
combination of chronic bronchitis and COPD oc- 
curred in 80% of Greene’s study group, compared 
to 8% of control subjects. Its occurrence in older 
men suggests an acquired disorder. No intrinsic 
“collapsibility” of postmortem tracheas from pa- 
tients with COPD could be demonstrated by Bryant 
et al? when air pressures were increased relative to 
those in control subjects. That the narrowing occurs 
only in the intrathoracic trachea suggests that this 
disorder is caused by forces within the chest. 


Changes in the configuration of the trachea dur- 
ing quiet respiration, cough, and voluntary eleva- 
tion in intrathoracic pressure are well described.’ 
After these maneuvers, the trachea resumes its nor- 
mal horseshoe, round, or oval shape, or a combina- 
tion of these smooth shapes.’ In one autopsy study, 
fixed deviation from the normal symmetric pattern 
occurred with “compression” in both the coronal 
and sagittal directions.” The lunate configuration, 
with narrowing in the sagittal plane, was more fre- 





Fig 3. Changes in tracheal configuration from normal 
(----) to constricted (—) during cough. From anterior axis 
(A), lateral tracheal cartilage moves medially (B) in coro- 
nal plane. Posterior membranous wall (C) invaginates, de- 
creasing sagittal diameter. (Adapted from Dekker and 
Ledeboer.’) 


quent than coronal narrowing of the “high-dome” 
or saber-sheath pattern.’ 


Because not all patients with COPD have saber- 
sheath tracheas and some patients with saber- 
sheath tracheas have normal lung volumes, another 
mechanism of transformation beside the “crowding 
out” of the trachea by increased lung volumes must 
be present, as shown in Fig 2. Changes in tracheal 
diameter during respiration become considerable 
with coughing and wheezing.’ These changes ap- 
pear to result from passive compression rather than 
reflex contraction of surrounding bronchial muscu- 
lature.* Figure 3 shows how intrathoracic pressure 
changes during cough cause narrowing in the coro- 
nal plane by bending at the anterior ring, with 
posterior ends of cartilage moving medially toward 
one another. The sagittal dimension decreases with 
invagination of the posterior membranous wall. 
Mechanical leverage from the length of posterolat- 
eral tracheal rings, lateral transluminal force, and 
medial tension from an invaginating membranous 
trachea cause greatest distortion and stress at the 
point of rotation at the midline anterior trachea. It 
appears, then, that the shape of the saber-sheath 
trachea comes from remodeling and fixation in a 
configuration seen during cough with coronal nar- 
rowing about this axis. 


Although no essential tracheal weakness is pres- 
ent in patients with COPD, Rayl'® used cine- 
fluoroscopy during cough to observe abnormal air- 
way collapse in all and large airway collapse in 
some. How large airway collapse occurs during 
cough in patients with COPD can be understood in 
terms of changes in the mechanics of ventilation. 
Medium-sized bronchi are normally the major site 
of airway resistance.'' In patients with COPD, air- 
way resistance is increased, predominantly in the 
smaller peripheral airways.'? These damaged and 
obstructed airways diminish and prolong expiratory 
airflow (decrease FEV1), lowering intraluminal 
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tracheal pressure and creating a larger pressure gra- 
dient in the surrounding chest cavity. Because of the 
intervening resistance in the peripheral airways and 
diminished FEV 1, the trachea in a coughing patient 
with COPD is subjected to this larger transluminal 
pressure gradient for a sustained period of time, 
causing collapse of the airway. 


Tracheal cartilage also undergoes a qualitative 
change, becoming characteristically thick and cal- 
cified.'* In older patients, calcification may appear 
as discontinuous small densities in the tracheal 
wall.* Dystrophic calcification is the accumulation 
of calcium in tissues that sustain sublethal injury.’ 
In chronic bronchitis, ie, productive cough for 3 
months of the year for at least 2 consecutive years, 
severe chronic inflammation usually involves all 
levels of the bronchial tree throughout its entire 
thickness.'* Inflammation is accompanied by 
degeneration of cartilage and conversion of hyaline 
cartilage to fibrocartilage in segmental and sub- 
segmental bronchi with minimal changes in major 
airways. '* 7 No mention of abnormal major airway 
shape was made in these histologic studies. 
Although minimal changes were noted in the car- 
tilage of major airways, saber-sheath trachea may 
reflect a more severe or prolonged process. The 
sader-sheath trachea deformity, then, represents 
either remodeling and fixation after injury from the 


meckénical trauma of coughing or degeneration 
from inflammation. Most likely, it is a combination 
of bath, with the final common pathway of dys- 
trop a calcification secondary to injury. 


CONCLUSION 


Tle saber-sheath trachea deformity is a marker 
for gnificant underlying obstructive pulmonary 
disezs2.' The process of transformation from a nor- 
mal = a narrow, thickened trachea is related to in- 
jury ty chronic coughing and inflammation with 
remeceling and dystrophic calcification. It should 
be cer sidered in the differential diagnosis of diffuse 
tracacal narrowing and when concerns of possible 
med astinal carcinoma involvement arise. This enti- 
ty is nore likely to occur in our head and neck 
canc@-> population because of the prevalence of 
COED. It can be encountered as a physical finding 
obseved on radiographs and CT scans and during 
brorerioscopy. Although saber-sheath trachea is 
asyrer tomatic, clinicians should be aware of this 
diso der so they can anticipate potential complica- 
tion: -ollowing separation of the upper aerodiges- 
tive tract. This consideration may influence deci- 
sion: in head and neck cancer treatment involving 
conssvation laryngeal surgery, total laryngectomy, 
and wadiation therapy. 
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EVALUATION OF LARYNGEAL CALCIUM DEPOSITION: 
A NEW METHODOLOGY 
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JAY WERKHAVEN, MD 
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Despite study for over 100 years, sites and patterns of laryngeal calcification and ossification are understood incompletely. Meth- 
odologies used in the past have included radiographic imaging and histologic staining with hematoxylin and eosin. Investigation of this sub- 
ject offers potential application in the correlation of laryngeal disease with loss of normal calcification patterns. A technique for the detec- 
tion of calcium deposition in human larynges, formerly used only in staining bony and cartilaginous tissue of small vertebrates, is de- 
scribed. This technique offers the advantage of whole organ staining and provides a sensitive means of determining degree and pattern of 
laryngeal calcification. The results of our pilot investigation with photographic examples are presented. 


KEY WORDS — calcification, laryngeal cartilages. 


INTRODUCTION 


Calcification and ossification of the laryngeal 
cartilages have been studied for over 100 years. Ini- 
tial investigations were conducted by Chievitz! in 
1882 using histologic methods. The discovery of 
x-rays at the turn of the century encouraged further 
investigations at that time.? Since then, however, 
only a few authors have pursued this subject. A lim- 
ited number of methods have been used, involving 
either two-dimensional serial sectioning or relative- 
ly insensitive radiographic, visual, or tactile tech- 
niques. Possibly because of suboptimal methods of 
study, different writers have reached different con- 
clusions regarding the degree, pattern, and cause of 
calcification of the laryngeal skeleton, and a firm 
consensus of opinion is lacking. 


One of the most comprehensive studies to date 
was undertaken by Chievitz.' This early investiga- 
tion used histologic techniques to detail the progres- 
sion of laryngeal ossification from the posterior and 
inferior border of the thyroid lamina to the superior 
aspect with sparing of the central lamina. Chievitz 
noted increased calcification with advanced age 
and found no calcification prior to age 20 years. Os- 
sification in males was in general more extensive 
than in females, according to Chievitz, but similar 
patterns were seen. 


Reports of radiographic studies of laryngeal calci- 
fication have appeared intermittently since the or- 
iginal use of this modality in 1902.?-° These reports 
generally have suggested increasing calcification 
from posterior to anterior along the thyroid lamina, 
although constant patterns were not always identi- 
fied,* and a difference in extent of calcification be- 


tween the sexes was an inconsistent finding.*°? A 
unique report appeared in 1952, identifying similar 
patterns of calcification in identical twins and con- 
cluding that a hereditary factor was involved in the 
determination of laryngeal calcification.’ 


More recent research has used histologic sections, "° 
computed tomography,'’ and magnetic resonance 
imaging.'? Harrison and Denny’® have compared 
calcification of the larynx in humans to that in other 
primates and consider the possibility that this phe- 
nomenon may be related to mechanical stress, 
rather than the more commonly held belief that cal- 
cification is a result of degenerative changes. Yeager 
et al'’ suggest that CT imaging reveals the asym- 
metric nature of this process. Finally, the report by 
Castelijns et al’? on MRI of the larynx underscores 
the clinical significance of the study of laryngeal 
calcification, namely the differentiation of cartilage 
that is invaded with cancer from laryngeal cartilage 
that merely is not calcified. 


Although certain consistencies exist among previ- 
ous studies, only a limited amount of investigation 
of this subject has been undertaken. No one pattern 
of calcium deposition has been identified, and al- 
though calcification has been noted to increase with 
advancing age, absolute degree of calcification and 
chronologic age have not been well correlated. 
Finally, although theories of why calcification oc- 
curs have been postulated, none has been demon- 
strated correct. Certainly a more sensitive method 
of calcium detection could prove useful in expand- 
ing our understanding of this subject. Such a sensi- 
tive technique exists and has been used to stain car- 
tilage and bone differentially in small vertebrates 
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RELATIONSHIP OF AGE TO PRESENCE OF 
LARYNGEAL CALCIFICATION 


Age at Death 


A 22 wk gestation = 
26 wk gestation - 
28 wk gestation we 
34 wk gestation = 
6 wk - 
6 wk -— 
2 mo — 
4 mo — 
22 yr + 
26 yr + 
27 yr + 
29 yr 


+ indicates presence of calcification, while — indicates absence. 


Specimen Areas of Calcification 
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+ 


with tremendous success. '° Applying this same tech- 
nique of differential staining to whole organ laryn- 
geal specimens, our pilot study had the following 
goals: first, to evaluate the applicability of this tech- 
nique to cadaver, formalin-fixed, human larynges 
of various ages, and second, to advance understand- 
ing of normal patterns of laryngeal calcification. A 
future goal is to improve correlation between radio- 
graphic images and gross anatomy/pathology by 
comparison of stained specimens with CT and MR 
images of the same. 


MATERIALS AND METHODS 


Twelve cadaver, formalin-fixed larynges were 
obtained from autopsy specimens at our medical 
center. The cause of death in all cases was unrelated 
to laryngeal disease. At the time of autopsy, age 
ranged from 22 weeks’ gestation to 29 years. No 
specimens were available during our collection pe- 
riod representing ages 5 months to 21 years, nor 
were specimens collected from subjects older than 
30 years of age. 


Fig 1. (Specimen I) Isolated foci of 
calcium deposition (arrowheads). 
A) Single area on right side of 
larynx. Scale is in millimeters. B) 
Two areas on left. 


rior to staining the laryngeal skeleton, soft tissue 
was dissected from the cartilaginous framework as 
carefully and completely as possible. Care was 
taker to avoid cartilage injury, yet meticulous dis- 
secficn was critical to achieving the desired visual 
rest lt. Specimens were stained according to the fol- 
lowir g procedure, modified slightly from the origi- 
nal description by Dingerkus and Uhler.” 


Soecimens were washed through three changes of 
dist l. ed water, 24 hours each cycle. Staining of car- 
tilase was done in a solution of eight parts 95 % eth- 
ana to two parts glacial acetic acid with 10 mg alci- 
an kl 1e (Eastman Kodak Co, Rochester, NY) added 
to aeh 100 mL of solution. Two to 4 days were re- 
qui-ed, with longer durations used for specimens 
wita greater amounts of residual soft tissue. Speci- 
mers were washed through the following solutions: 
95% ethanol, 3 hours, two cycles; 75% ethanol, 3 
hows, one cycle; 40% ethanol, 3 hours, one cycle; 
15% əthanol, 3 hours, one cycle; and distilled water, 
3 heurs, one cycle. Enzymatic digestion of soft tis- 
sue was done in a solution of three parts saturated 
aqueous sodium borate to seven parts distilled water 
with l g trypsin added to each 100 mL of solution. 
Digestion was continued until the underlying skele- 
tal -ramework was clearly visible and superficial 
soft tissue was clear. The solution was replaced 
every 2 to 3 days. Complete clearing required up to 
6 weeks in some specimens. Then specimens were 
wasied through two changes of distilled water, 3 
hours each cycle. Staining of calcified tissue was 
perf-med in a solution of 1% aqueous potassium 
hyd-cxide with enough alizarin red S (Sargent- 
WeEh Scientific Co, Skokie, Ill) added to turn the 
solucion a deep purple. Two to 3 days were required. 
Fur her clarification of soft tissue was accomplished 
witË a 1% aqueous potassium hydroxide solution, 1 
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to 2 days each cycle, until stained structures were 
clearly visible. Usually five to seven cycles were 
used. Specimens then were washed through solu- 
tions of 25% and 50% glycerin, 48 hours each cy- 
cle. The final storage medium was 75% glycerin 
with thymol crystals added as a preservative. The 
glycerin also served to clarify further the skeletal 
framework. 


The specimens with much soft tissue remaining 
not only required longer staining durations, but also 
tended not to retain the alcian blue stain and not to 
clarify completely until placement in glycerin. Use 
of a Freer elevator facilitated the mechanical dissec- 









i 


Fig 3. (Specimen K) Moderate cal- 
cification (arrowheads) of posteri- 
or and inferior aspects of thyroid 
cartilage. Cricoid is well demon- 
strated and partially calcified. In- 
cidentally noted is foramen thy- 
roideum bilaterally (open arrows). 
A) Right side. Scale is in millime- 
ters. B) Left side. 


il 


L 


a 
| 


PH 
H | 
f L, E A 5 
HHHH Alt 





Fig 2. (Specimen J) Calcification 
(arrowheads) along inferior bor- 
der of thyroid cartilage bilateral- 
ly. A) Right side. Scale is in milli- 
meters. B) Left side. 


tion of soft tissue from the cartilaginous framework. 
The younger specimens had a greater avidity for the 
cartilaginous stain, so shorter staining durations 
were required for these specimens. As the amount of 
time required for staining was highly variable 
among the different specimens, close observation 
was critical to determining when to proceed to sub- 
sequent steps. 


RESULTS 


Our results are summarized in the Table and par- 
tially presented in visual form in Figs 1 through 4. 
Lack of calcification at birth and in early life was a 
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Fig 4. (Specimen L) Extensive cal- 
cification (arrowheads) with spar- 
ing of central lamina (asterisks). 
A) Right side. Scale is in millime- 
ters. B) Left side. Open arrow — 
tracheal calcification. 


uniform finding in all specimens studied. While no 
information is available from this study regarding 
specimens between 5 months and 21 years of age, 
we have demonstrated calcium deposition in all 
specimens studied greater than 21 years of age. Fur- 
thermore, although too few specimens have been 
studied to make broad conclusions, a trend is noted 
to suggest increased calcification with advanced 
chronologic age. This finding supports the work of 
other authors using different methods. Not enough 
specimens have been studied to clearly identify pat- 
terns of calcium deposition. We have noted, how- 
ever, that calcification does not necessarily progress 
from a single focus and may not be bilaterally sym- 
metric (Fig 1), that calcification is initially greatest 
along the inferior and posterior borders of the thy- 
roid cartilage (Figs 2 and 3), and finally, that the 
central thyroid lamina may be the region most resis- 
tant to calcification (Fig 4). Although only a limited 
number of laryngeal specimens have been studied to 
date, this method nicely reveals surface calcifica- 
tion and is a promising technique for further inves- 








tigatm of this subject. 


SUMMARY 


A aew method for the evaluation of calcium 
deposition in human larynges has been presented. 
This technique differentiates calcified tissues, 
whicl stain red, from cartilage, which stains blue. 
Althoigh previously used in staining samples from 
smal] vertebrates," to our knowledge this method 
has mt been used for this purpose with human 
tissue. Laryngeal calcification has been studied in 
the pest, yet a full understanding of the mechanisms 
and nmal patterns of this phenomenon remains to 
be elte dated. This pilot study indicates that this 
technayie is applicable to formalin-fixed human 
larynges, and that it permits sensitive differentia- 
tion o° 2artilage from calcified tissues in whole or- 
gan specimens. Further study of specimens stained 
in this manner by CT and MRI should allow im- 
provec correlation between radiographic imaging 
and actual gross laryngeal anatomy and pathology. 
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HYPOCALCEMIA FOLLOWING PHARYNGOESOPHAGEAL 
ABLATION AND GASTRIC PULL-UP RECONSTRUCTION: 
PATHOPHYSIOLOGY AND MANAGEMENT 
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Profound hypocalcemia has been observed following surgical ablation of malignancies in the hypopharynx, larynx, cervical trachea, 
and esophagus. Adequate control of these tumors may require extirpation of thesisceral compartment of the neck and upper mediastinum. 
Preservation of parathyroid glands is sometimes inconsistent with good oncologe principles. Postoperative hypocalcemia develops rapidly, 
and high-dose intravenous calcium supplementation is required. Clinical observations indicated that requirements for calcium supplemen- 
tation were reduced dramatically once oral feeding was instituted. It is postulæed that dysfunction arising from surgical manipulation of 
the duodenum, the primary site for active calcium absorption, and bypass of th at bowel segment by the feeding jejunostomy are primary 
contributors to the severity of hypocalcemia. A plan of management is proposed that includes early postoperative administration of 
1,25-dihydroxyvitamin D or dihydrotachysterol, active vitamin D metabolites ‘kat promote the absorption of calcium. Early oral feeding 
is encouraged. Other mechanisms of calcium loss, appropriate calcium management, and parathyroid autotransplantation are discussed. 


KEY WORDS — calcium metabolism, gastric pull-up, hypocalcemia, hypoparathyroidism, parathyroidectomy, vitamin D. 


INTRODUCTION 


Althcugh hypoparathyroidism is most often caused 
by surgery, it is not commonly encountered in most 
oncologic procedures of the head and neck. During 
the pas: three decades development of a new recon- 
structive technique has allowed more aggressive 
surgical management of large primary and recur- 
rent cancers of the larynx, pharynx, cervical esoph- 
agus, and neck. The gastric pull-up (GPU) recon- 
struction was first described by Ong and Lee’ in 
1960. LeQuesne and Ranger,’ Harrison,** and 
Krespi et alř also have reported on this method of 
reconstruction of pharyngoesophageal defects. 
Schechter et alf concluded that GPU reconstruction 
provided the most reliable and functional result. 


Harrison’ advocated total thyroidectomy in the 
resection of postcricoid and subglottic carcinoma. 
Isaacscn et alë suggested that resection of the 
thyroid isthmus and lobe on the side of the subglot- 
tic or pyriform sinus carcinoma may be more ap- 
propriate. Isaacson and Snow’ stated that direct in- 
vasion of carcinoma into the thyroid gland as dem- 
onstrated by thyroid scan or by palpation is an ap- 
propriate indication for total thyroidectomy. Medi- 
astinal dissection for recurrent cancer after laryn- 
gectomy was recommended by Sisson and Straehly"® 
and Sisson et al. 1! *? 


Use of these radical ablative procedures has re- 
sulted in an increased incidence of hypoparathy- 
roidism and its associated problems of manage- 
ment, primarily hypocalcemia. Sisson and Vander 
Aarde} noted that ten of 14 patients experienced 


signi_cant hypocalcemia. Krespi et al'* retrospec- 
tivel> reviewed three groups of head and neck sur- 
gery patients to assess the incidence of hypoparathy- 
roidæm: total laryngectomy, 12%; mediastinal dis- 
sectian, 50%; and total laryngopharyngoesopha- 
gecteny (TLPE) and GPU, 73%. They noted that 
mangement of severe hypocalcemia and vitamin D 
hypevitaminosis seemed more difficult in patients 
undergoing GPU than in patients undergoing the 
same operation but reconstructed with more tradi- 
tiona_ methods. They concluded that altered intesti- 
nal physiology secondary to truncal vagotomy and 
decr=ased gut transit time resulted in decreased cal- 
cium absorption in the intestine and accounted for 
the & creased calcium requirements. 


Our experience at Johns Hopkins Hospital sup- 
ported Krespi’s observations and further indicated 
thatthe magnitude of difficulty of calcium manage- 
mert was reduced substantially once the jejunos- 
tom» tube (J-tube) feedings had been discontinued 
and eral feedings commenced. We undertook a re- 
trospective review of ten selected patients who had 
undergone various combinations of TLPE, total 
thyr parathyroidectomy (TTP), mediastinal dissec- 
tiom and GPU in order to assess the validity of this 
observation. 


PATIENTS AND METHODS 


T>e hospital and outpatient charts of ten patients 
were reviewed, and data were collected to include 
the extent of disease, previous treatment, type of 
surgery, postoperative serum calcium and albumin 
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SERUM CALCIUM LEVELS AND ENTERAL CALCIUM REQUIREMENTS 


Average Serum Calcium Average Enteral Requirements 

No. of (mg/dL) for Femonia Calcium (g/d) 
Group Operations Patients J-Tube Oral J-Tube Oral 
l TLPE + GPU + TTP 5 9.0 4.5 3.5 
2 TLPE + GPU 4 8.0 2.0 1.5 
3 TTP l NA 8.5 NA 3.0 


J — jejunostomy, TLPE — total laryngopharyngoesophagectomy, GPU — gastric pull-up, TTP — total parathyroidectomy, NA — not available. 


levels, calcium requirements including intravenous 
and enteral supplementation, vitamin D require- 
ments, and the point at which alimentation by 
mouth was begun. Patients were grouped according 
to the type of operation performed (see Table). All 
patients undergoing GPU reconstruction had bilat- 
eral truncal vagotomies, pyloroplasty, and place- 
ment of a feeding jejunostomy at the time of opera- 
tion. The designation TTP indicates that the patient 
underwent complete resection of the pretracheal 
and paratracheal lymphatics with thorough dis- 
section of both tracheoesophageal grooves, ie, re- 
moval of all thyroid and parathyroid tissue. 
Simultaneous upper mediastinal dissection was per- 
formed in two patients in group 1 and the patient in 
group 3. Patients in group 2 had preservation of one 
thyroid lobe with at least one primary vascular 
pedicle left intact. 


All patients had normal preoperative serum calci- 
um and albumin levels. Hypocalcemia, if it devel- 
oped, was apparent within 48 hours postoperative- 
ly. Intravenous calcium supplementation was given 
as either calcium gluconate or calcium chloride and 
is recorded as milligrams elemental calcium. Vita- 
min D supplementation was given as ergocalciferol, 
dihydrotachysterol (DHT), or 1,25[0H]2D (calci- 
triol). Total enteral calcium intake represents the 
combined amount of elemental calcium given in 
tube feedings plus supplementation. The postopera- 
tive day on which enteral alimentation changed 
from J-tube feedings to oral feedings was recorded. 
A case history and diagrammatic representation of 
postoperative calcium requirements will be given 
for each group. 


Case 1. A 43-year-old man underwent a wide re- 
section of a tracheostomal recurrence following to- 
tal laryngectomy for squamous cell carcinoma, ne- 
cessitating a total pharyngoesophagectomy and re- 
section of the distal trachea. No attempt was made 
to preserve thyroid or parathyroid tissue. Recon- 
struction was accomplished by a GPU and pectoral- 
is major myocutaneous flap. Early postoperative 
hypocalcemia required frequent intravenous calci- 
um supplementation, which rapidly decreased upon 
switching from vitamin D2 to 1,25[0H]2D. Supple- 
mental calcium requirements were greatly reduced 
shortly after beginning oral feedings and calcium 
supplements (Fig 1). 


Case 2. A 47-year-old man underwent a TLPE 
and right radical neck dissection for a T4N2b squa- 


mous cell carcinoma of the right side of the hypo- 
pharynx. The left thyroid lobe was preserved with 
both vascular pedicles intact. Reconstruction was 
accomplished by GPU with anastomosis at the level 
of the eustachian tube. He required no intravenous 
calcium supplementation postoperatively and no 
vitamin D supplements (Fig 2). 


Case 3. A 19-year-old man underwent a total thy- 
roidectomy, bilateral modified radical neck dissec- 
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Fig 1. (Case 1) Calcium and vitamin D requirements. 
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Fig 2. (Case 2) Calcium requirements. 


tion, and paratracheal and superior mediastinal 
dissection for medullary carcinoma of the thyroid. 
Feeding by mouth resumed on the second postoper- 
ative day, and moderate postoperative hypocal- 
cemia was managed by DHT and calcium carbo- 
nate by mouth. No intravenous calcium was re- 


quired (Fig 3). 
RESULTS 


Careful analysis of the postoperative calcium re- 
quirements of patients undergoing GPU for large 
hypopharyngeal carcinomas or stomal recurrences 
following laryngectomy identified two major sub- 
groups based on whether a portion of the thyroid- 
parathyroid complex was preserved or not. A direct 
correlation was found between the severity of post- 
operative hypocalcemia and total thyroidectomy. 


Patients requiring GPU and TTP experienced 
profound hypocalcemia and required up to several 
hundred milligrams of intravenous calcium supple- 
mentation per day. After jejunostomy feeding was 
begun, enteral calcium and vitamin D requirements 
remained in excess of what would have been ex- 
pected following total parathyroidectomy alone. 
Enteral elemental calcium requirements while on 
J-tube feedings averaged 4 g or more per day (see 
Table). After the switch from jejunostomy to oral 
feeding, a rise in serum calcium levels and fall in en- 
teral calcium requirements were seen that were in- 
dependent of the serum albumin level. 
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Fig 3. (Case 3) Calcium and vitamin D requirements. 


Of the four patients studied who had deliberate 
preservation of a thyroid lobe, only one required 
postoverative calcium and vitamin D. These pa- 
tients required no intravenous calcium supplemen- 
tatier. and no extended vitamin D supplementation. 
Long-term calcium requirements were between one 
and two times the amount of calcium in a normal 
diet. 


Case 3 provided an example of calcium require- 
ments following TTP and mediastinal dissection 
withcut GPU. The patient’s calcium requirement 
averaged 3.0 g/d. Only modest vitamin D analog 
supplementation was needed. 


SURGICAL MODIFICATIONS OF PHYSIOLOGY 


Parathyroid hormone (PTH) plays a key role in 
the regulation of serum calcium and exerts effects at 
the three primary sites of calcium metabolism: kid- 
ney, Done, and intestine. It is necessary for the con- 
version of endogenous and exogenous vitamin D to 
its active metabolite 1,25[OH]2D in the proximal 
tubule of the kidney, which in turn mediates active 
absorption of calcium from the gut (Fig 4). This 
step does not occur in the absence of PTH.'* Post- 
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Fig 4. Normal calcium metabolism. Normal calcium con- 
centration in extracellular fluid (ECF) is governed by 
direct effects of parathyroid hormone (PTH) on bone and 
kidney and indirect effect (via 1,25[0H]2D) on intestine. 


operative hypoparathyroidism (hormonopenic hy- 
poparathyroidism) is produced by TTP or surgical 
trauma to the parathyroid glands. This results in 
decreased intestinal absorption of calcium second- 
ary to depletion of 1,25[0H]2D because of de- 
creased production by the kidney. This leads to in- 
creased fecal loss of calcium and to decreased renal 
reabsorption of calcium with resultant hypercal- 
ciuria (Fig 5). 


There is a necessary bypass of the proximal in- 
testine during the early postoperative course follow- 
ing GPU. In order to protect the pharyngogastric 
and pyloroplasty suture lines a J-tube is placed to 
facilitate nutritional maintenance until they are 
healed. This creates an effective bypass around the 
site of active intestinal absorption of calcium. 
Dietary and supplemental enteric calcium is not ab- 
sorbed effectively (Fig 6). This effect does not seem 
to be significant in the presence of adequate PTH. 


Complete truncal vagotomy results in a marked 
decrease in production of gastric acid and a change 
in gastric pH from 1 to around 4 to 6. This gastric 
juice is alkalinized quickly as it enters the bowel, 
resulting in an elevation of the jejunal pH and a 
decrease in the solubility of calcium salts. Duodenal 
atony is another consequence of the denervation. 


The extensive gastrointestinal modification pro- 
duces a rather profound dumping syndrome. The 
consequent rapid intestinal transit time serves to 
decrease the calcium absorption further. 


Thyroid hormone is known to inhibit the absorp- 
tion of calcium from the gastrointestinal tract. 
Total thyroidectomy frequently leads surgeons to 
prescribe an arbitrary replacement dosage that is 
frequently higher than would be required normal- 
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Fig 5. Total parathyroidectomy results in effective absence 
of circulating parathyroid hormone (PTH) within 48 hours 
(serum half-life, less than 12 hours). Hypocalcemia 
develops rapidly because of failure to resorb calcium from 
urine (up to 1 g/d), inability to absorb calcium from gut 
(no circulating 1,25[OH]2D), and inaccessibility of bone 
stores of calcium (no osteoclast activity). Exogenous 
1,25[0H]2D acts primarily by promoting active calcium 
absorption by duodenum. It is also active in bone and 
kidney, but to lesser degree. ECF — extracellular fluid. 


ly. This further inhibits calcium absorption. 


These patients encounter significant surgical 
stress with a resultant outpouring of corticosteroid 
hormones. This inhibits the intestinal absorption of 
calcium, bone resorption, and renal retention of 
calcium. 


Patients who undergo TLPE with GPU frequent- 
ly experience fluid overload due to the extended 
length of the operations and the surgical invasion of 
three major anatomic regions. There is a dilutional 
decrease in calcium, albumin, and magnesium. 
Both the “25” hydroxylation of vitamin D and the 
synthesis of PTH are magnesium-dependent. Mal- 
nutrition experienced by most patients with cancers 
that would require TLPE with GPU may produce a 
depletion of the serum albumin and magnesium. 


DISCUSSION 


Our data indicate that although patients under- 
going either TTP or GPU with thyroid preservation 
can experience significant problems with hypocal- 
cemia, they do not approach the magnitude of man- 
agement difficulties encountered following both 
TTP and GPU. The compound insult of profound 
hypoparathyroidism and altered intestinal physiol- 
ogy produces a massive calcium management di- 
lemma. Alterations in intestinal physiology include 
decreased acidity in the stomach and duodenum as 
well as decreased intestinal transit time secondary 
to vagotomy. Calcium salts are poorly soluble in 
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Fig 6. Compound physiologic injury of total parathyroid 
removal and gastric pull-up reconstruction not only 
depletes body of parathyroid hormone (PTH), but also 
bypasses duodenum (and proximal jejunum) for at least 1 
week. This renders primary site of active calcium absorp- 
tion imaccessible to enteral supplementation until oral 
feedings are reestablished. J — jejunostomy. 


neutral or basic solutions, and less time is available 
for absorption. Jejunostomy tube feedings bypass 
the duodenum and proximal jejunum, where most 
calcium absorption normally takes place. '® 


Our finding of hypocalcemia following TTP is 
certainly not new or unexpected. The reasons that 
calcium and vitamin D requirements following TTP 
with GPU exceed those following TTP alone are not 
completely understood. The demonstration of de- 
creased requirements for calcium supplementation 
after beginning oral nutrition has not been reported 
previously. These data indicate that calcium re- 
quirements are indeed reduced after switching from 
jejunostomy to oral alimentation. This supports the 
concept that restoring passage of feedings through 
the duodenum and proximal jejunum markedly im- 
proves the efficiency of calcium absorption. 


RECOMMENDATIONS 


Tota. thyroparathyroidectomy with TLPE and 
GPU should be done only when essential for onco- 
logic sefety. Bilateral pyriform malignancy, post- 
cricoid tumors, high cervical esophageal cancers, 
penetration of the anterior larynx and trachea, 





demaastrated direct invasion of the thyroid gland, 
and tracheostomal recurrence constitute the pri- 
mary indications for this procedure. 


Sinee significant calcium maintenance problems 
do net appear to occur in patients with adequate 
circulating PTH levels, reestablishment of adequate 
endozenous PTH should be a primary therapeutic 
goal. Parathyroid autotransplantation therefore 
shouid be done when it is oncologically feasible. 
Iden-ification and dissection of the parathyroid 
from the specimen must not present a danger of car- 
rying implants of carcinoma. Autotransplantation 
must be done with histologic identification of the 
para hyroid glands by frozen section. 


Once postoperative hypocalcemia has been diag- 
nosed, intravenous calcium should be administered 
in a dosage adequate to avoid tetanic hypocal- 
cemia. An adjusted serum calcium of 7.6 to 8.0 
mg/cL is desirable. Requirements range from 150 to 
300 mg/d. Once J-tube feeding has begun, the more 
wate-soluble preparations of calcium (gluconate, 
glubwnate, lactate) should be administered by the 
J-tube to a total dose of 2 to 3 g/d (elemental calci- 
um). Vitamin D therapy should be instituted imme- 
diately in the form of either 1,25[OH]2D (calcitriol, 
Rocaltrol), 0.5 to 2.0 ug/d, or dihydrotachysterol 
(DHT), 0.8 to 2.4 mg/d. Eventual maintenance 
doses may be less. Ergocalciferol (D2), cholecalcif- 
erol D3), and calcifediol (25[OH]D) should be con- 
sidered ineffective.” Exogenous thyroid hormone 
shoud not be administered during the early postop- 
erative course, since it inhibits intestinal uptake of 
calcicm. Significant hypothyroidism does not occur 
for at least 2 to 3 weeks. Gastric decompression 
shoud be discontinued as soon as possible in order 
to promote movement of gastric contents and some 
acidły into the proximal small intestine. Nasogas- 
tric tube feedings should begin as soon as the pylor- 
omyecomy suture line is considered safe. (One 
shoud attempt to stop the duodenal bypass as soon 
as pessible.) Oral feedings should begin when the 
pharyngogastric and pyloromyotomy sutures lines 
are secure and a swallowing study demonstrates 
that taere is no fistula. The patient should be main- 
tained on 1.5 to 2 g of elemental calcium per day by 
use ef Rocaltrol or DHT at the previously men- 
tioned dosages. Continued monitoring of the serum 
calcim levels is necessary over the ensuing months 
with watchfulness for signs and symptoms of vita- 
min D hypovitaminosis and hypercalcemia. Those 
include weakness, fatigue, headache, diarrhea, and 
eventually obtundation and coma. Appropriate ad- 
justraents of vitamin D analogs and calcium supple- 
men s then may be made.'® 
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ACUTE EPIGLOTTITIS IN ADULTS 
A REVIEW OF 48 CASES 
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Acute epiglottitis was diagnosed infrequently in adults until the late 196ës and early 1970s. Because it is relatively rare, it may present 
a problem to the physician who sees an adult with sore throat and dysphagia, bat does not think of epiglottitis. In this paper, we report our 
experience with 48 cases of acute epiglottitis in adults between the years 1963 and 1987. A discussion of the diagnosis and treatment of adult 
epiglottitis is presented. An adult with acute painful dysphagia should be consicered to have epiglottitis until the diagnosis is proven other- 


wise. 


KEY WORDS — airway obstruction, dysphagia, epiglottitis, tracheotamry. 


INTRODUCTION 


The presentation of acute epiglottitis is more var- 
iable in the adult than in the child and can surprise 
the unwary clinician. Proper recognition and diag- 
nosis of this disease entity are essential in order to 
avoid the possible complications of complete respi- 
ratory collapse or overwhelming sepsis. 


We review the treatment of acute epiglottitis in 
adults at the Los Angeles County-University of 
Southern California Medical Center between the 
years 1963 and 1987. The first 17 cases of this series 
were reported by Hawkins et al in 1973.' The 
diagnosis and treatment of an additional 31 cases 
occurred between 1973 and 1987. All 48 cases are 
compiled in this review to examine diagnostic varia- 
bles, therapeutic regimens, and clinical outcomes. 


MATERIALS AND METHODS 


Between the years 1963 and 1987, a total of 48 
cases of acute epiglottitis were diagnosed and treated 
at our institution. The yearly incidence was vari- 
able, with peaks noted in 1972 (four cases), 1980 
(five cases), and 1985 (six cases). No cases were seen 
in the years 1963, 1967, 1968, 1973, and 1977. 
There were 39 males and nine females, an approxi- 
mate 4:1 male to female ratio. The ages ranged 
from 16 to 61 years, with the majority (22 of 48 pa- 
tients) in the third and fourth decades (see Table). 
There was one recurrent case and one death in this 
series. 


Symptoms. Predominant symptoms were sore throat, 
dysphagia, odynophagia, respiratory difficulty, and 
muffled voice. Duration of these symptoms varied, 
usually from 1 to 7 days prior to admission. Sore 
throat, present in 45 of 48 patients, was often the 
earliest complaint, with onset usually more than 48 


hours prior to admission. Dysphagia and odynopha- 
gia were also common (in 43 of 48 patients) and 
usual_y of 1 to 2 days’ duration. Approximately one 
half ef the patients, 22 of 48, complained of respira- 
tory difficulty, often of 24 hours or less in duration. 
Twenty-one of 48 patients were noted to have a 
muffled voice. 


Piesical Findings. Upon admission, laryngeal ex- 
amination was performed on all patients with an in- 
direct mirror or with a flexible laryngoscope. Acute 
airway obstruction secondary to clinical examination 
with these modalities did not occur in any of these 
patients. Commonly noted findings on physical ex- 
aminetion of the oropharynx, hypopharynx, and lar- 
ynx were pharyngitis, edema of the epiglottis, epi- 
glottie abscess, and cervical swelling or adenopathy. 


Clinically apparent pharyngitis was noted in 16 
patier.ts. Inflammation and edema of the epiglottis 
was noted in 48 patients and epiglottic abscess was 
detected in ten. Six of the ten patients with epiglot- 
tic abscess underwent incision and drainage, and 
four cf the ten patients had adequate spontaneous 
drainage. Cervical edema or adenopathy was found 
in mire patients. Admission temperatures ranged 
from 37°C to 40°C. 


Diagnostic Studies. Diagnostic studies included 
complete blood count with differential cell count, 
throat or epiglottic cultures, blood cultures, and 
latera! neck radiographs. The WBC count ranged 
from 3,400 to 32,000. Throat cultures were per- 
formed in 27 patients. The majority of the cultures 
grew a mixed oral flora, with the most common or- 
ganisms cultured being a-hemolytic Streptococcus, 
nonhemolytic Streptococcus, and Neisseria. He- 
mop wzdus influenzae was cultured in only one case. 
No blood cultures were obtained in the cases re- 
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PATIENT CHARACTERISTICS 


1963-1972 1973-1987 
Total cases* 17 31 
Age (yr) 16-30 6 7 
31-45 7 14 
46-60 2 9 
6l + 2 i 
Male 14 25 
Female 3 6 


*No cases were seen in 1963, 1967, 1968, 1973, and 1977. 


ported prior to 1973. Between 1973 and 1987, 12 
patients received blood cultures; cultures were posi- 
tive for only two patients. One of these patients had 
bacteremia due to Escherichia coli, B-hemolytic 
Streptococcus, and Proteus mirabilis. He died from 
overwhelming sepsis in spite of having a tracheot- 
omy that relieved his airway obstruction. 


The second patient with a positive blood culture 
developed complete airway obstruction at the time 
of admission, requiring emergency tracheotomy, 
and subsequently developed pneumonia. Blood cul- 
tures were positive for Streptococcus pneumoniae. 


Treatment, The various treatment regimens in- 
cluded establishment of an artificial airway by 
placement of an endotracheal tube or a tracheoto- 
my tube, and use of cool mist, intravenous cortico- 
steroids, and a variety of antibiotics. 


Establishment of an artificial airway was per- 
formed in 23 patients, 21 with tracheotomy and 
two with nasotracheal intubation. Of the 21 trache- 
otomies, four were performed prior to 1973 and 17 
after 1973. The two intubations were both carried 
out after 1973. 


Of the 48 patients, 25 were managed conserva- 
tively with airway observation. Nine of the 25 pre- 
sented with relatively mild complaints of recent on- 
set, no respiratory difficulty, and no drooling and 
did not appear “toxic.” Their temperatures varied 
from 37°C to 38.3°C and their WBC counts varied 
from 8.9 to 23.9. These patients recovered rapidly 
with medical management alone. The other 16 pa- 
tients who were observed had more variable dura- 
tion and severity of symptoms and some degree of 
respiratory difficulty. They had temperatures from 
37.2°C to 39.4°C and WBC counts ranging from 
6.8 to 23.5. These patients did well on medical 
management alone. 


Of the 23 patients who received airway interven- 
tion therapy, 12 presented with rapid onset of 
symptoms, often less than 24 hours in duration, 
severe stridor, and inability to handle secretions. 
They also had elevated temperatures of 38.3°C to 
39.4°C and WBC counts of 8.0 to 19.2, and they 
appeared toxic. Included in this group were the two 
patients with positive bacteremia. The majority of 
these patients required tracheotomy shortly after 
initial evaluation by the clinician. Five of these 12 


patients had epiglottic abscesses; one of these five 
died from overwhelming sepsis despite establish- 
ment of an airway. Another 11 patients who re- 
ceived tracheotomy or were intubated had a more 
variable onset, with duration usually longer than 48 
hours, and variable severity of symptoms. Temper- 
atures and WBC counts ranged from 37.6°C to 
40.2°C and 5.4 to 26.0, respectively. These patients 
underwent airway intervention therapy primarily 
as a prophylaxis against airway obstruction, based 
upon the clinician’s assessment of the patients’ air- 
ways. Ten of the 11 were managed after 1973. 


Dexamethasone was given in doses ranging from 
6 to 12 mg initially and 6 mg every 6 hours for 48 
hours in most patients not having airway interven- 
tion therapy. Patients were treated with intrave- 
nous antibiotics in all cases. Prior to 1973, the intra- 
venous antibiotic was primarily penicillin G or am- 
picillin. After 1973, the primary choice of antibiotic 
in 22 cases was ampicillin. However, cephalosporins 
were used in six cases, chloramphenicol in three 
cases, and methicillin in four cases, usually in con- 
junction with another antibiotic. 


The average hospital stay was 6 to 8 days for pa- 
tients with a tracheotomy and 4 to 5 days for those 
without a tracheotomy. 


DISCUSSION 


Since the report on acute epiglottitis in 1973 by 
Hawkins et al,’ this cumulative update has revealed 
an apparent increase in the incidence of the disease, 
no change in the patient profile with regard to age, 
sex, onset of symptoms and physical findings, and a 
low yield on throat and blood cultures in determin- 
ing the causative agent. There has also been an in- 
crease in the use of a prophylactic airway and a 
trend away from the use of ampicillin alone for 
treatment of this disease. 


There were 17 cases reported in the initial 
10-year period of this review. This was followed by 
20 cases in the following 10 years and 11 cases in the 
last 4 years. These figures may reflect an actual in- 
crease in the prevalence of the disease or an in- 
creased awareness among the medical staff in mak- 
ing the diagnosis of acute epiglottitis. 


The typical patient is a male in the third to fourth 
decade who presents with acute painful dysphagia. 
The male to female predominance ratio has been 
seen in prior series as well.?’* Epiglottitis must be as- 
sumed in patients with acute painful dysphagia un- 
til the diagnosis is proven otherwise, preferably by 
examination of the larynx. A lateral radiograph of 
the neck showing a normal, nonedematous epiglot- 
tis probably can rule out epiglottitis, but we are 
more comfortable with examination of the larynx. 


The overall clinical presentation can be less dra- 
matic than that seen in children.* The classic ap- 
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pearance of the cherry red or beefy epiglottis is not 
as common in the adult patient. What is seen com- 
monly is a more generalized, diffuse edema and ery- 
thema of the supraglottic structures. Progression to 
epiglottic abscess, seldom present in children with 
epiglottitis, was seen in ten of our adult patients. If 
the abscess is not found to drain spontaneously, it 
preferentially is drained endoscopically with provi- 
sions made for airway protection as indicated. 


Blood cultures are an essential part of the diag- 
nostic workup of these patients in identifying the 
causative agent and choosing the proper antibiotic 
treatment. Throat or epiglottic cultures are not reli- 
able. As also reported in the series by Chaisson et 
al,* we had a surprisingly low yield of positive blood 
cultures. Neither of our two positive cases of 
bacteremia yielded H influenzae on culture, so we 
cannot comment upon the bacteremic predominance 
of H influenzae as reported by others,* but we can 
help to substantiate the association of bacteremia 
with a more fulminant course in this disease. One of 
our two patients with positive blood cultures died; 
the other one required emergency tracheotomy. 
Pathogens other than H influenzae have been noted 
to result in significant morbidity and mortality; 
Russell et alf reported two fatal cases of acute epi- 
glottitis in adults with septicemia due to group A 
and group F $-hemolytic Streptococcus pyogenes. 


Of particular interest in our series is the much 
higher rate of tracheotomy in cases after 1973, 17 of 
3l compared to four of 17 cases prior to 1973. In 
reviewing this series, it was possible to identify the 
patient who presented early in the course of the ill- 
ness who would respond well to medical manage- 
ment alone and the patient who presented with a 
fulminant, rapidly deteriorating state who urgently 
required establishment of an airway. Other series 
also have helped to identify prognostic indicators of 
patients who are more likely to require airway in- 
tervention as those with a rapid onset of severe 
symptoms, ie, less than 8 to 12 hours in onset, in- 
ability to handle oral secretions, presence of stridor, 
and toxic appearance.*’ The difficult decision is 
whether to provide a prophylactic airway in those 
patients in whom no specific criteria can be iden- 
tified clinically that can determine who will later 
require airway intervention. This decision must be 


left to each clinician’s individual judgment. In that 
respect, our increased use of tracheotomy for air- 
war prophylaxis represents a more cautious ap- 
proach to management of this difficult problem. 


The choice of endotracheal intubation rather 
tham tracheotomy is dependent upon each institu- 
tioms resources for management of each situation. 
At cur institution, pediatric patients are intubated 
endetracheally and are monitored carefully in the 
inteasive care unit. However, we believe that the 
generally longer time course in resolution of the in- 
flan-matory process in the adult patient in compari- 
son o that in the child warrants a tracheotomy for 
selected cases as indicated and affords a safer means 
of psotection in our patient population than intuba- 
tion does. Tracheotomy in adults with epiglottitis 
usually is performed with local anesthesia and with 
the patient in a sitting position. 


Oar first choice of antibiotic for this disease is still 
amp cillin. However, the varied spectrum of organ- 
isms found in adults,*? which includes staphylococ- 
ci, S pyogenes, S pneumoniae, and others, has led 
toward the use of cephalosporins for a broader 
range of coverage until cultures are available and 
clinical response can be addressed. 


In conclusion, the early recognition of acute epi- 
glottitis in the adult patient is essential to prevent- 
ing pper airway obstruction. Acute epiglottitis 
must be treated with intravenous antibiotics, mist, 
and stablishment of an airway as indicated. Other 
physicians advocate prophylactic airway in all pa- 
tients in whom acute epiglottitis is diagnosed.“ 
However, we suggest that there are adult patients 
with a less severe clinical presentation who can be 
managed medically with close observation. Corti- 
costerpid therapy may be particularly beneficial to 
these patients. Certainly the patient with a fulmi- 
nant and rapidly deteriorating course requires im- 
mediate airway intervention. The decision to estab- 
lish an artificial airway in patients with a more 
variat le presentation and clinical findings will need 
to rely on each clinician’s judgment in assessing the 
safety of the patient’s airway. With the awareness 
of this problem and the skills and resources avail- 
able, he mortality and morbidity associated with 
this di-ease should be reduced markedly. 
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Among the more common manifestations of acquired immunodeficiency syndrome (AIDS) are tumors and infections that occur in 
regions treated by the bronchoesophagologist. In reviewing our institutional experience in the diagnosis and treatment of 396 patients with 
AIDS in 1987, we have noted that 226 (57%) had some form of pneumonia and 133 (34%) had candidiasis. In this communication we 
discuss the various types of bronchopulmonary, oropharyngeal, and esophageal infections that have been reported among AIDS patients. 
We also review the universal precautions and specific guidelines recommended for safeguarding the bronchoesophagologist and other 


health care workers who treat these patients. 


KEY WORDS — acquired immunodeficiency syndrome, candidiasis, pneumonia. 


INTRODUCTION 


In the 7 years since acquired immunodeficiency 
syndrome (AIDS) has been recognized, much atten- 
tion has been directed at the opportunistic infec- 
tions that are seen frequently as complications of 
this condition. Among the most frequent infections 
are those that affect the upper aerodigestive tract, 
esophagus, tracheobronchial tree, and lungs — the 
primary regions of concern to the bronchoesopha- 
gologist. Numerous previous reports'* have de- 
scribed the various infections and tumors that occur 
in these regions. 


Several well-defined risk groups have been recog- 
nized as carriers of the human immunodeficiency 
virus (HIV), which appears to be causally associ- 
ated with AIDS. They include homosexual or bisex- 
ual males, intravenous drug abusers, sexual part- 
ners of the preceding two groups, children born to 
infected mothers, and recipients of blood and blood 
products. Recognition of these high-risk groups has 
been helpful in alerting the physicians and other 
health care workers. However, AIDS also is being 
seen outside these risk groups, and no reliable test 
for the presence of HIV at the precise time of physi- 
cian examination exists. For these reasons, we feel it 
is appropriate to present our hospital experience 
with 396 AIDS patients, as well as to review the 
conditions of concern to the bronchoesophagologist 
and the currently recommended precautions to be 
observed. 


PATIENT POPULATION 


In 1987, 396 patients with AIDS were admitted 
to Lincoln Hospital in the south Bronx region of 
New York City. The most common admitting com- 


plaints were related to pulmonary abnormalities 
and included cough, shortness of breath, and chest 
pain. Other common complaints of specific interest 
to the bronchoesophagologist included dysphagia 
and weight loss. On admission, 226 patients (57 % ) 
had clinical and radiographic evidence of pneu- 
monia. Of those in whom a pathogen was isolated, 
the most common organisms were Pneumocystis 
carinii (138 or 61%), Mycobacterium tuberculosis 
(60 or 27%), and Pneumococcus species(18 or 8%). 
Among the other pulmonary organisms isolated 
were Coccidioides, Toxoplasma, Candida, Staphy- 
lococcus, Histoplasma, Pseudomonas, and Strepto- 
coccus species (Table 1). No organism was isolated 
in 29 (13%). Forty, or 18%, of those patients with 
pneumonia had two or more pathogens isolated 
(Table 2). Twenty patients had both Mycobacteri- 
um tuberculosis and Pneumocystis carinii. Ninety 
patients underwent fiberoptic bronchoscopy, trans- 
bronchial biopsy, and bronchoalveolar lavage, and 
12 patients underwent rigid bronchoscopy. Eight 
patients required tracheostomies. 


Also, 133 patients (34%) had documented can- 
didiasis. Only seven of these patients underwent 
esophagoscopy for diagnosis of Candida esopha- 
gitis. We have also observed numerous cases of 
Kaposi's sarcoma in the oral cavity along with 
sporadic cases of giant intraoral ulcers, herpes 
simplex stomatitis, and oral hairy leukoplakia. 


DISCUSSION 


The frequency with which AIDS patients com- 
plain of symptoms related to the upper aerodiges- 
tive tract and the frequency with which broncho- 
esophageal diseases have been observed among our 
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TABLE 1. ORGANISMS ISOLATED FROM PATIENTS 
WITH PNEUMONIA 


Preumocystis carinii 138 61% 
Macobacierium tuberculosis 60 27 % 
Preumococcus sp 18 8% 
Texoplasma sp 9 4% 
Stxeptococcus sp 4 2% 
Pseudomenas sp 3 1% 
Cendida sp l < 1% 
Ceccidioides sp 2 1% 
H-stoplasma sp l < 1% 
Staphylococcus sp 1 < 1% 
Ne organism 29 13% 


patients merits some discussion. Presenting oto- 
laryngologic complaints of AIDS patients include 
painful oral mass, odynophagia, and dysphagia. 
Lesions encountered in the oral cavity include hairy 
leukoplakia, herpes simplex, giant intraoral ulcers, 
candidiasis, Kaposi’s sarcoma, and benign follicular 
lymphoid hyperplasia.'~* 


Hairy leukoplakia is a form of leukoplakia that 
sows fibrillar projections extending outward from 
the surface of the lesion. Electron microscopic ex- 
amination has revealed Epstein-Barr virus and 
papillomavirus in these lesions.* Herpes simplex le- 
sions are characterized by vesicles on an ery- 
thematous base and may present on the vermilion 
border or the oral mucosa. Giant intraoral ulcers 
measuring 1 to 3 cm in diameter have also been re- 
ported.” Their cause is unclear. 


Oral candidiasis is uncommon in healthy individ- 
uals who have not received steroid or antibiotic 
treatment and may indicate the presence of AIDS or 
AIDS-related complex (ARC). In its most typical 
pseudomembranous form, candidiasis usually can 
be diagnosed readily by its characteristic cheesy 
white plaques that can be scraped off leaving an 
erythematous base. The disease can be confirmed 
by smear and culture. However, some less charac- 
teristic variants have been recognized, including a 
kyperplastic form that does not scrape off, an ery- 
tnematous or atrophic form, and a form that pre- 
sents as angular cheilitis. In a study by Klein et al,‘ 
59% of previously healthy patients with oral can- 
Gidiasis had a major opportunistic infection or 
Eaposi’s sarcoma at a median of 3 months. Of 22 
patients with ARC (generalized lymphadenopathy, 
fever, weakness, weight loss, and diarrhea) without 
aral candidiasis, none developed AIDS at a median 
length of follow-up of 12 months. 


Oral candidiasis has been reported as a marker 
for esophageal candidiasis. In a study by Tavitan et 
al’ of ten patients with AIDS and oral candidiasis 
who underwent esophagoscopy, all ten were found 
to have esophageal candidiasis. Seven patients com- 
plained of odynophagia, one patient complained of 
cysphagia, and three patients were asymptomatic. 
The authors concluded that lack of esophageal 
symptoms in a patient with AIDS and oral can- 


TABLE 2. ORGANISMS ISOLATED FROM SAME PATIENT 


Pneusaocystis carinii and Mycobacterium tuberculosis 20 
Pneurnocystis carinii and Pneumococcus sp 
Pneurnococcus sp and Mycobacterium tuberculosis 
Pneurnocystis carinii and Streptococcus sp 
Pneurnocystis carinii and Pseudomonas sp 
Pneurnocystis carinii and Toxoplasma sp 
Mycozacterium tuberculosis and Toxoplasma sp 


Dp fw Ww Ct ot 


didiasis does not exclude esophageal involvement. 
They recommended a 5-day trial of treatment for 
esophageal candidiasis in patients with AIDS and 
oral candidiasis. We prefer to initiate treatment 
with oral nystatin, and only if the symptoms persist 
after 5 days does the patient undergo diagnostic 
esophagoscopy. 


Endoscopy generally has demonstrated diffuse 
mucesal ulcers with the characteristic cheesy white 
fungel debris on the surface. However, in a study 
by Farman et al,* four of 25 patients with 
esophageal candidiasis had localized lesions of the 
esophagus, as opposed to the usual diffuse involve- 
ment. Other organisms found to cause esophagitis 
include cytomegalovirus,’ Cryptosporidium, and 
Mycebacterium avium-intracellulare.*° 


The diagnosis of AIDS often is made because of 
the opportunistic pulmonary infections that ac- 
count for almost 50% of initial presentations." Ap- 
proximately 85% of pulmonary infections in pa- 
tients with AIDS are due to Pneumocystis carinii 
pneumonia (PCP). Often the patient presents with a 
prolenged history of dry cough and breathlessness. 
Patients also complain of an inability to take a deep 
breath and chest discomfort when they try to do so. 
This insidious onset is in contrast to the acute onset 
of most bacterial pneumonias. The chest radio- 
graph on admission may appear to be normal. Ini- 
tial radiographic changes may begin as a perihilar 
haze that may progress to diffuse symmetrical shad- 
owing of the middle and lower lung fields with pe- 
ripheral sparing. 


It has been suggested by some authors” that pa- 
tients at high risk for AIDS who have clinical fac- 
tors suggestive of PCP should be treated empirically 
without diagnostic testing. However, it is essential 
that a histologic diagnosis be made so that if an op- 
portunistic organism is found the diagnosis of AIDS 
can de made and appropriate discussion of the dis- 
ease and its prognosis with the patient can ensue.’ 


The diagnosis of PCP can be made by histologic 
examination of transbronchial biopsy, bronchoalve- 
olar lavage, and induced sputum samples. Recent- 
ly, it has been reported that examination of sputum 
induced by inhalation of 3% saline and stained 
with Giemsa stain or methenamine silver is able to 
detect greater than 50% of cases of PCP.'*:'® The 
diagnostic yield of transbronchial biopsy and bron- 
choalveolar lavage is 88% and 85%, respectively, 
and 34% when both procedures are combined.’® A 
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logical diagnostic approach to the patient with 
suspected PCP would be to obtain induced sputum 
samples initially. If they are found to be negative, 
then transbronchial biopsy and bronchoalveolar 
lavage should be performed. 


Other infections and tumors that have been 
found to cause pulmonary disease in AIDS patients 
include cytomegalovirus,'?'* Mycobacterium avi- 
um-intracellulare,'? Mycobacterium tuberculosis ,*° 
Cryptococcus neoformans,*' Histoplasma,” Toxo- 
plasma,” Candida,” bacterial pneumonia,”* and 
Kaposi's sarcoma.’ Cytomegalovirus as a sole cause 
for pneumonitis is unusual in patients with AIDS. It 
is more commonly seen in conjunction with PCP. In 
our series 18% of patients with pneumonia had 
more than one pathogen and 9% of patients with 
pneumonia had tuberculosis and PCP. Because of 
the possibility of the coexistence of several patho- 
genic organisms, repeat bronchoscopy should be 
considered for patients who are unresponsive to 
treatment for the first organism isolated. 


Before the onset of the AIDS epidemic, Kaposi's 
sarcoma was a rare neoplasm that affected older 
men of Italian ancestry and eastern European Jews. 
Those patients typically had cutaneous involvement 
of the lower extremities. A more fulminant form of 
Kaposi's sarcoma now occurs in up to 40% of pa- 
tients with AIDS.” The alimentary tract is involved 
in approximately 50% of homosexual men with cu- 
taneous disease.** Kaposi's sarcoma lesions have 
been reported to involve the facial dermis, cervical 
lymph nodes, oropharynx, larynx, and esophagus.?° 
Typically, discrete nodular violaceous tumors are 
noted on direct visualization. Presenting symptoms 
of pharyngeal Kaposi’s sarcoma include dysphagia, 
odynophagia, dysphonia, and hoarseness. 


Rarely had Kaposi’s sarcoma been known to me- 
tastasize to the lungs, prior to the onset of AIDS. 
The radiographic changes of pulmonary Kaposi's 
sarcoma have been reported to begin as hilar and 
mediastinal lymphadenopathy, progressing to peri- 
hilar parenchymal infiltrate and ultimately pleural 
effusions.” Bronchoscopic examination reveals 
erythematous patches and raised purpuric lesions. 
Biopsy is contraindicated by some authors because 
of the risk of hemorrhage.” Kaposi’s sarcoma le- 
sions can become obstructing and often bleed spon- 
taneously. Pulmonary involvement with Kaposi’s 
sarcoma has been reported as high as 47 % at autop- 
sy.” In a recent report,” virus particles ultrastruc- 
turally identical to HIV were seen in electron 
microscopic examination of Kaposi's sarcoma of the 
oral mucosa. 


The above review indicates that the regions 
generally examined by the bronchoesophagologist 
can be the sites of numerous opportunistic infec- 
tions related to AIDS. For this reason, it is impor- 
tant to be vigilant and to use all appropriate 


diagnostic measures to identify any pathogens. 
However, because of the danger of acquiring or 
transmitting AIDS by exposure to HIV in the in- 
fected patient, the bronchoesophagologist should 
also be familiar with the necessary precautions to be 
observed during office and endoscopic examina- 
tions. 


Current studies indicate that the risks to the 
careful health care worker appear to be minimal. 
To date, fewer than 40 cases of AIDS acquired by 
health care workers through occupational exposure 
have been reported, and the majority have been in 
housekeeping and other support personnel who may 
not have been fully informed about suitable precau- 
tionary measures.*' Since the time for seroconver- 
sion after inoculation may be up to 15 months, rou- 
tine testing of patients for HIV antibodies will not 
detect all patients who are carriers of the virus. 
Therefore, it is preferable to treat all patients as po- 
tentially infected and to observe the following pre- 
cautions to avoid percutaneous or transmucosal 
inoculation?" >’: 


1. Although the virus does not traverse intact 
skin, frequent handwashing before and after 
examining patients is indicated. The physician 
with open skin lesions should avoid contact 
with contaminated material. 

2. Gloves should be worn when there is any 
chance for contact with blood or body secre- 
tions, such as saliva and bronchial secretions. 
Gloves should be changed after examining each 
patient in order to prevent transmission of con- 
taminated material to subsequent patients. 

3. Impermeable gowns should be worn in the op- 
erating room when it is anticipated that cloth- 
ing will become contaminated. 

4. Masks and protective eyewear or goggles 
should be worn when splashing or aerosoliza- 
tion is likely, as in endoscopies performed with 
local or topical anesthesia. 

5. Used needles should be discarded in disposal 
containers. They generally should not be re- 
capped, since a puncture wound may occur in- 
advertently. 

6. Special care should be exercised with the use of 
any sharp instruments that may have become 
contaminated. 

7. All instruments should be cleaned with a 0.5% 
solution of sodium hypochlorite or 2% glutar- 
aldehyde after use. The concentration of the 
solutions must be monitored carefully if dam- 
age to the coating of flexible fiberoptic instru- 
ments is to be avoided. 

8. In the office, instruments should be laid out 
before the examination in order to reduce the 
need to reach into the instrument drawer with 
contaminated hands. 

9. The bronchoesophagologist should work close- 
ly with the anesthesiologist to avoid unnec- 
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essary contamination of the anesthetic equip- 
ment as well as to reduce coughing in the im- 
mediate postoperative period. 


10. The physician should also communicate infec- 
tion control facts to other health care workers 
and to patients in order to reduce fear and to 
make them informed participants in the diag- 
nostic or therapeutic process. 


In conclusion, experience with the AIDS epidem- 


ic ha: demonstrated that the regions studied and 
treated by the bronchoesophagologist are frequent- 
ly tae site of opportunistic infection or tumor. In 
our series of 396 patients, 226 had some form of 
pneumonia, 133 had candidiasis of the oral cavity 
or escphagus, and a small number had Kaposi’s sar- 
coma Making the correct diagnosis and rendering 
proper care while simultaneously avoiding acquisi- 
tion cf HIV requires prudence and vigilance on the 
part ef the endoscopist. 
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LARYNGEAL FRAMEWORK SURGERY IN THE MANAGEMENT 
OF THE AGED LARYNX 


HARVEY M. TUCKER, MD 


CLEVELAND, OHIO 


Laryngeal framework surgery as described by Isshiki, LeJeune, and Tucker offers the opportunity to adjust vocal fold tension. A mod- 
ification of Isshiki’s technique has been applied in ten patients exhibiting the breathiness and quavering voice typical of an “elderly” larynx, 
eight of whom have been followed long enough to be evaluated, and in two younger patients with similarly unexplained vocal fold flaccidi- 
ty. Patient selection, technique, and results are reported. The procedure is of limited value in elderly patients because of eventual relaxa- 
tion of tissues, but seems to provide significant long-term improvement in younger patients. 


KEY WORDS — aged larynx, laryngeal framework surgery. 


INTRODUCTION 


One characteristic often associated with aging is 
the weak, somewhat breathy and quavering voice 
exhibited by many elderly individuals. Examina- 
tion generally demonstrates nothing more than rela- 
tive laxness of the vocal folds and slight gapping 
noted during phonatory effort. These patients often 
can produce a better voice for short periods of time 
by applying more subglottic pressure and better 
breath support. A similar condition is observed oc- 
casionally in younger patients and is referred to as 
myasthenia laryngis. These patients have been 
managed with voice therapy, usually with limited 
improvement. 


Laryngeal framework surgery as described by 
Isshiki et al' and LeJeune et al? has been modified 
by Tucker? to permit adjustment of vocal fold ten- 
sion. The anterior commissure can be retrused to 
lower pitch and/or for management of spasmodic 
dysphonia,* or it can be advanced to raise pitch. 
Such advancement increases tension in the vocal 
folds and therefore might be useful in patients with 
laxity of the laryngeal tissues. The results of anterior 
commissure advancement in eight elderly patients 
and in two younger patients with unexplained vocal 
fold flaccidity are presented in this report. 


MATERIALS AND METHODS 


Ten patients who presented with the weak and 
quavering voice associated with aging underwent pre- 
operative assessment after thorough otolaryngologic 
evaluation, including neurologic consultation, failed 
to reveal any cause for the poor voice other than gen- 
eralized laxness of the vocal folds. Speech pathology 
evaluation was carried out and high-quality voice 
recordings were obtained for baseline comparison. 
Most of the patients had had extensive voice therapy 


without significant improvement. Patients ranged in 
age from 62 to 90 years, with a mean age of 69. There 
were three men and seven women. Two younger 
patients, a 32-year-old woman and a 44-year-old 
man, suffering from similar voice deficit of undeter- 
mined cause were evaluated in similar fashion. 


Anterior displacement of the anterior commissure 
was carried out with local anesthesia and tantalum 
implants in this group of patients. 


Technique. A horizontal skin-crease incision is 
made midway between the upper and lower bor- 
ders of the thyroid cartilage, straddling the midline. 
Superior and inferior flaps are developed and the 
strap muscles separated. Vertical cuts are made ap- 
proximately 5 mm on either side of the midline 
through the outer perichondrium and cartilage, but 
sparing the inner perichondrium (see Figure, A). 
The inner perichondrium is elevated from the medi- 
al surface of the posterior thyroid alar fragments for 
a distance of approximately 1 cm on each side (see 
Figure, B). The external perichondrium is elevated 
on each side to create pockets above and below the 
level of the anterior commissure attachment of the 
vocal ligament (see Figure, C). Tantalum sheeting 
is cut with scissors to create two retainers that are 
sized and shaped appropriately for the particular 
larynx (see Figure, D). Retaining pieces are placed 
posterior to the freed anterior cartilage segment 
above and below the attachment of the anterior 
commissure so as to displace the midline cartilage 
fragment anteriorly, and the ends are secured by 
placing them within the previously fashioned peri- 
chondrial pockets on the external surfaces of the 
thyroid alar segments (see Figure, E). The wound is 
drained and closed in layers. Appropriate broad 
spectrum antibiotic coverage is continued for 48 
hours after surgery. Patients are discharged the 
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morning after surgery after removal of the drain, 
and sutures are removed approximately 4 days 
thereafter. 


RESULTS 


Eight of the ten elderly patients and both of the 
younger patients have been followed up for at least 
6 months after surgery and thus form the basis of 
this report. There was only one complication of any 
kind. Nine months after successful voice correction, 
the younger female patient awoke to find that her 
voice had regressed and that there was a mass on the 
right side of her larynx. This proved to be due to 
displacement of the upper tantalum implant, which 
was removed surgically shortly thereafter. Her voice 
returned to its preoperative breathiness, which per- 
sisted until a recent attempt to correct it by a modi- 
fied version of the same framework surgery, with 
initial success. 


All of the patients had immediate improvement 
in voice while on the operating table. In every case 
there was complete correction of the quavering and 
breath:ness that had characterized preoperative 
voice. However, within a period varying from 3 
weeks to 7 months, initial improvement gradually 
regressed to a voice essentially the same as that ob- 
served preoperatively in six of the elderly patients. 
Two patients, one male and one female, have re- 


Operative procedure. A) Incisions through 
outer perichondrium and thyroid carti- 
lage, parallel to midline. B) Elevation of 
inner perichondrium beneath posterior thy- 
roid alae. C) Preparation of pockets beneath 
external perichondrium. D) Fashioning of 
tantalum shim(s) to fit individual larynx. 
E) Completion of procedure. 


tained improvement of voice for 9 months and 1 
yea: / months, respectively. Voice correction has 
beea naintained for over 14 months in the younger 
mak patient and, as noted above, for 9 months in 
the emale. 


DISCUSSION 


fmterior displacement of the attachment of the 
vocal ligament can increase resting tension of the 
vocal folds. This results in higher pitch in otherwise 
norral larynges* and decreased breathiness and 
quevering in lax vocal folds. Experience in other ap- 
plica-ions of this procedure shows that the tantalum 
implant is well tolerated and maintains the anterior 
displacement of the anterior commissure. It appears, 
however, that when the tissues have lost elasticity 
because of aging the improved tension achieved is 
not maintained for very long, as has been previously 
noted in patients who have undergone facelift pro- 
cedii-es. Since laryngeal framework surgery is rela- 
tively safe and inexpensive, and since it is not yet 
posible to predict which elderly patients will gain 
lonz-term benefit, it seems reasonable to continue 
to et-empt it experimentally in patients who under- 
stamac that the outcome cannot be guaranteed. Fur- 
the- experience should permit determination of 
when, if any, “elderly” voices can be improved 
long-term, and it may confirm that this technique 
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can be useful in younger patients with weak and 
breathy voices. 


CONCLUSIONS 


Laryngeal framework surgery can be carried out 
with little risk of significant complication in elderly 
patients. Anterior displacement of the attachment 


of the vocal ligament results in correction of the 
breathy and quavering voice of the elderly, but the 
improvement apparently is maintained for more 
than a few months in only a small percentage of 
cases. The same approach may yield longer-term 
improvement in younger patients with idiopathic 
vocal fold flaccidity. 
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PNEUMOTHORAX AS A COMPLICATICN OF TRACHEOESOPHAGEAL 
VOICE PROSTHESIS USE 


RICK ODLAND, MD GEORGE ADAMS, MD 


MINNEAPOLIS, MINNESCTA 


A previously unreported association of pneumothorax and the use of a trameoesophageal voice prosthesis is presented. A review of 44 
cases revealed that two patients developed a pneumothorax requiring chest tate placement. Pulmonary barotrauma is believed to be the 
cause of the injury. In those patients in whom the tracheoesophageal voice prosthesis has been effective, it has produced excellent results. 
However, certain pulmonary conditions may be considered a relative contrai adication to the use of the tracheoesophageal voice prosthesis 
in patients who must generate significant force to produce voice. Patients using a voice prosthesis who present with symptoms of chest pain 
or dyspnea must be evaluated carefully for pulmonary rupture. 


KEY WORDS — alaryngeal speech, pneumothorax. 


The tracheoesophageal voice prosthesis is a signi- insttations. Twenty-three percent had a history of 
ficant advancement in voice rehabilitation of pa- chrcnic obstructive pulmonary disease. Sixty-one 
tients who have had a laryngectomy. For the ma- percent had abnormal chest radiographs, with 25 % 
jority of patients, it provides excellent speech in a of the total showing fibrotic changes. Two patients 
relatively safe, cost-effective manner. However, had pneumothorax requiring chest tube placement 
some patients must generate significant pressure during the period of voice prosthesis use. A sum- 
gradients to produce voice. This problem has been mar~ bf their cases is presented here. 
addressed by Singer et al.' The insufflation test 
identifies patients who probably will not do well, CASE REPORTS 


but the test is not done in primary puncture. There 
are a small number of patients who do produce sat- 
isfactory voice, but visibly strain to generate suf- 


Case 1. A 64-year-old man with chronic obstruc- 
tive .ulmonary disease and an 80-pack-year history 


my l i l of tekacco use presented with a T4N2bM0 squa- 
ficient force. We believe that these high airway aei a at aa Of dhe lolt ddo of the ae. 


pressures can produce pulmonary barotrauma, es- glottc larynx. Preoperative chest radiographs 


amg? In anp with oe suse y as showed diffuse bilateral interstitial changes, a flat- 
ease. We present two patients who required ches tened diaphragm, and increased anterior clear 


tube P lacement for pneumothorax who had been space, with fibrosis of the right middle lobe and a 
using the voice prosthesis successfully for several healed rib fracture on the right. Old chest radiogra- 
weeks to months. phy ~eports from the 1950s described bullous em- 


The caarts of 44 patients who had been using a physema. He had an arterial oxygen pressure of 77 
tracheoesophageal voice prosthesis were reviewed. mm {z on room air and a forced expiratory volume 
These patients were treated at the Veterans Admin- in 1 second of 2.18. He underwent a total laryngec- 
istration Medical Center in Minneapolis and at the tomy with bilateral neck dissection and a deltopec- 
University of Minnesota Hospital and Clinics. The toral flap reconstruction. He had a primary tra- 
group included all patients who received a tracheo- cheoesophageal puncture and a cricopharyngeal 
esophageal voice prosthesis during the period from myotomy. A postoperative chest radiograph showed 
November 1980 to September 1986. The charts subct taneous air in the neck and raised the question 
were reviewed for incidence of pneumothorax, peri- of a = t apical pneumothorax. The results of a re- 
ods of use of the prosthesis, pulmonary history, and peat ebest x-ray film were negative. Postoperatively 
chest radiographic findings. Many patients resided he developed a pharyngocutaneous fistula, which 
outside the geographic area and it is likely they requi-ed a second procedure to close. He received 
would be treated for a pneumothorax at their local 5,250 rad postoperatively. 


hospitals if it occurred. However, the patients were 


not contacted for complete interval medical his- At 14 months after the operation he was doing 


well end had good phonation using the voice pros- 


tories. s : i 
thesis However, one evening at dinner, he experi- 

Forty-four patients received tracheoesophageal enced sudden onset of right-sided chest pain and 
voice prostheses during the study period at the two dysprea. He did not recall if he had been talking at 


From the Department of Otolaryngology, University of Minnesota, Minneapolis. 
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Fig 1. (Case 1) Chest radiograph demonstrating large right 
hydropneumothorax (arrows). Note that air is located infe- 
riorly. 


the moment of onset. He went to the local hospital, 
where he was evaluated and reassured that he was 
experiencing an exacerbation of his obstructive lung 
disease. No chest radiograph was taken. The pain 
and dyspnea eased gradually. During his routine tu- 
mor clinic follow-up 4 days later, a routine chest ra- 
diograph showed a large right hydropneumothorax 
inferiorly and laterally, with apparent adhesions of 
the lung to the chest wall superiorly (Fig 1). Physi- 
cal examination showed only decreased fremitus. A 
chest tube was placed. Twenty-five milliliters of 
serosanguineous fluid was removed, and results of 
the cytologic examination of the fluid were negative 
for malignancy. The lung was reexpanded and the 
chest tube removed after 5 days. In tumor clinic 
follow-up 2 and 3 years postoperatively, the patient 
complained of severe pain in the shoulders and 
neck. Chest radiographs were negative. He was 
using his tracheoesophageal voice prosthesis con- 
tinuously. No further follow-up was documented. 


Case 2. A 62-year-old man with a 45-pack-year 
history of tobacco use but without a history of 
chronic obstructive pulmonary disease presented 
with a T3N2aM0 squamous cell carcinoma of the 
vallecula and a TINOMO squamous cell carcinoma 
of the uvula. He was given preoperative chemo- 
therapy and underwent a laryngectomy and left- 
sided radical neck dissection. He had a primary tra- 
cheoesophageal puncture and a cricopharyngeal 
myotomy. He received 5,000 rad postoperatively. 
The tracheoesophageal fistula was used for a feed- 
ing tube for 6 months, and then a tracheoesopha- 


geal voice prosthesis was placed. He used the pros- 
thesis without difficulty initially. At 8 months post- 
operatively the tracheoesophageal voice prosthesis 
was removed for repuncture because the tract’s low 
position in the stoma made manipulation difficult. 
The fistula failed to close at 1 month, so the prosthe- 
sis was replaced. Eighteen days later, the patient 
was admitted with bronchitis. He had several days’ 
history of dull chest pain, fever, cough, and dys- 
pnea. A chest radiograph showed a 50% left-sided 
pneumothorax. A chest tube was placed and the 
lung reinflated without difficulty. A “dummy” tra- 
cheoesophageal voice prosthesis was left in place for 
4 days, then a low-pressure tracheoesophageal voice 
prosthesis was placed with excellent speech result- 
ing. However, | month later, he was unable to pho- 
nate. Apparently the prosthesis had become partial- 
ly displaced, allowing the fistula to close. At 11 
months postoperatively, the patient developed an- 
other primary tumor, of which he eventually died. 


DISCUSSION 


The association of pneumothorax and the use of a 
tracheoesophageal voice prosthesis has not been re- 
ported previously. An examination of the expected 
and observed incidences raises the question of cau- 
sality. Considering the known pathophysiology of 
pulmonary barotrauma, we believe that increased 
transalveolar pressure resulted in pneumothorax. 


The observed incidence of pneumothorax is much 
higher than the expected incidence for this group. 
Our observed prevalence was two of 44, or 4.5%, 
for an estimated incidence of 1.5% per year. The 
incidence for spontaneous pneumothorax in the 
general population is reported as 100/375,000 over 
a 9-year period? and is reported as 7.4/100,000/yr 
for males.*? One patient also had the risk factor of 
chronic obstructive pulmonary disease, but in these 
patients the reported incidence of pneumothorax is 
still only 57/22,000 over a 10-year period.* Both pa- 
tients had irradiation that included the supraclavic- 
ular area and therefore had another risk factor of 
chest irradiation.* However, there have been only a 
few reported cases of pneumothorax following chest 
irradiation. Both patients exhibited pulmonary 
fibrosis on chest radiographs, but this sign per se 
had not been described as a risk factor. So we con- 
clude the observed incidence is several magnitudes 
higher than expected incidence, and that the high 
incidence cannot be explained by the presence of 
other risk factors for pneumothorax. While this 
argument of causality does not constitute proof, a 
discussion of the possible cause and prevention of 
pneumothorax could improve our ability to care for 
these patients. 


Pulmonary barotrauma is the mechanism by 
which tracheoesophageal voice prosthesis use can 
cause pneumothorax. Pulmonary barotrauma is 
studied extensively in relation to diving, in which 
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Pa= (Flow) (Resistance) + Ps 


Fig 2. Schematic representation of physics of pulmonary 
airflow. Pa — pressure at alveolus, Ps — pressure at 
stoma. 


pressure changes are dramatic and rapid. It is 
known that the initial injury is rupture of the alveo- 
lus due to increased transalveolar pressure gra- 
dients. The air then dissects through the pulmonary 
parenchyma or along the outside of the airways or 
vessels to the mediastinum and then into the pleural 
space. Pulmonary barotrauma results in one or 
more clinical entities of mediastinal emphysema, 
pneumothorax, and, rarely, arterial gas embolus. 
Mediastinal emphysema, the most common mani- 
festation of pulmonary barotrauma, occurs in about 
1% to 2% of divers annually, is often asympto- 
matic, and requires no treatment in most cases.’ 
Pneumothorax in diving occurs less frequently. 


In production of voice, pressure increases are 
produced by voluntary compression of the chest. To 
produce airflow from the thorax, the chest volume 
is decreased by elastic and muscular forces. As the 
volume decreases, the air pressure rises according to 
Boyle’s law. Airflow results as the high-pressure al- 
veolar air passes to the lower-pressure trachea and 
the ambient environment. 


This relationship of pressure and flow of liquid is 
described classically by Poiseuille’s law.* The re- 
lationship in air is much more complicated, because 
pressure is not transmitted uniformly. In the lung, 
the equation becomes impossibly complex because 
of air turbulence, irregular airways, collapsing air- 
ways, and reversing flow; but the important con- 
cepts of Poiseuille’s law still hold. 


The pertinent question in considering whether 
pulmonary barotrauma is the cause of pneumo- 
thorax is whether the pressure necessary to produce 
voice is high enough to rupture the alveolus. It is 
not possible to measure the actual transalveolar air 
pressure during phonation. What is known about 
the pressures necessary to produce voice and the 
pressure necessary to produce pulmonary rupture 
can be summarized. 


Pressures necessary to produce voice are difficult 
to measure and increase with increasing intensity of 
the voice. In vitro measurements have shown that 
some tracheoesophageal voice prostheses require 
pressure as high as 200 cm H2O0/L/s.° This is mis- 
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F ¢ 3. Factors involved in pathogenesis of pulmonary baro- 
t=auma during voice prosthesis use. 


leading, because normal voice production requires 
much less than 250 mL/s, so the actual pressure nec- 
essery for speech is well below 50 cm H20 in most 
patents. 


However, in some patients, these pressures are 
higner. For reasons of pharyngeal anatomy or tone, 
these patients require an increased amount of force 
to »Lonate. With occlusion of the stoma, we have 
measured pressures as high as 50 cm H20 during at- 
tempted phonation. The patient in case 1 had 
stomal pressures of 40 cm H20 as measured by a 
cruci2 mercury manometer during phonation. So we 
core ude that the pressure at the stoma necessary to 
proclice voice in some patients approaches and pos- 
sib-y exceeds 50 cm H20. 


What magnitude of pressure will rupture an 
alveclus? From diving studies on dogs and case re- 
poms from human diving injuries, it is known that 
the elveolus in a healthy lung will rupture with 90 
to. I0 cm H20," and probably with less pressure in 
a Gissased lung." 


One can conclude that the pressure necessary to 
rupt ire the alveolus and the pressure at the stoma 
are cf the same magnitude, so it is plausible that use 
of a voice prosthesis can result in pulmonary baro- 
traima. However, two further points can be made. 
Fist, many patients in our study had lung disease, 
so =he pressure needed to rupture the alveolus is 
prcbably less than 90 cm H20. Secondly, airway 
ph-siology demonstrates that the pressure at the 
alveolus necessarily has to be higher than the 
pressure at the stoma for airflow to occur. This is 
shown in Fig 2, in which a modification of Poi- 
selles law has been used to quantify pressure at 
the alveolus. It can be seen that during voice pro- 
du-tion, the alveolar pressure exceeds the measured 
stomal pressure by a factor of flow times resistance. 


A compounding factor is that as airflow in- 
creases, resistance also increases. This is the result of 
two forces that act to reduce the airway diameter. 
Ore force is the extrinsic compression of the airway 
by chest compression as the force is transmitted 
acnoss the lung. Another force, described by Ber- 
no alli’s law, collapses the airway as airflow velocity 
increases within the lumen. 
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Thus, the airway can be narrowed by air velocity 
or compressional force. The narrowing of the air- 
way has a marked effect on resistance (by a factor of 
the radius to the fourth power), so increased force is 
necessary to drive the air out. Coughing is remark- 
able in that with an air velocity of 200 mph, Ber- 
noulli’s forces are dominant in collapsing the air- 
way. In voice production, the air velocity is low, 
but the forces of chest wall compression can be 
great. 


What about conditions of chest compression with 
no airflow because of total occlusion of the stoma? 
Of course, no voice is produced, and unfortunately 
this also can cause pneumothorax. Ideally, if the 
chest is compressed slowly, the lung compliance is 
uniform, and the airways are normal, it is theoreti- 
cally possible that no pressure gradients will de- 
velop across the alveoli, or from the alveoli to the 
stoma (for flow equal to zero in the equation of Fig 
2, Pa=Ps). With no transalveolar pressure gra- 
dients, barotrauma will not occur. However, if the 
chest is compressed rapidly, especially if lung com- 
pliance is nonuniform or abnormalities exist in the 
small airways, local transalveolar pressure gra- 
dients will develop. These gradients may rupture 
the alveolus even if there is no flow out of the lung. 


This is the same pathophysiologic mechanism 
that is operant when a diver experiences pulmonary 
barotrauma during a breath-hold dive. The only 
difference is that the pressure of the surrounding 
water is compressing the chest, not voluntary mus- 
cle control. It has been shown that divers with al- 
tered pulmonary compliance were more likely to 
suffer pulmonary barotrauma."! Fibrotic scar bands 
further compartmentalize the lung segments, steep- 
ening the pressure gradients. The scarring also 
alters airway resistance by narrowing the airway. 


The effects of these forces are compounded by 
lung disease. The damage produced is greater when 
the pulmonary parenchyma is weakened by emphy- 
sema or blebs. 


As a result of examining these factors, we con- 
clude that the high pressure necessary to generate 
voice caused pneumothorax in our patients. This 
has never been reported before. Senders and Bum- 
sted’? described a case of mediastinal and subcuta- 
neous emphysema that they attributed to air forced 
into the neck from the stoma. Pathophysiologic 
findings in divers would suggest that the sub- 
cutaneous air came up from the mediastinum after 
alveolar rupture. Other reports of complications 
detail acute injuries associated with tracheoesopha- 
geal puncture, instead of late complications from its 
use."? 


The diagnosis of pneumothorax in these patients 
may be challenging. In the patient in case 1 and 
probably in others with supraclavicular irradiation, 
the lung was adherent to the chest wall, preventing 
the usual superior collapse of the lung. A smaller 
pneumothorax would not have been diagnosed by 
chest radiography. 


Prevention is accomplished best by an examina- 
tion of the multifactorial causation. The force of 
phonation works against the resistance of the air- 
way, with the strength of the lung occasionally be- 
ing the determinant factor of whether damage is 
done (Fig 3). The force is increased by forced, loud 
voice and by coughing. The resistance is related to 
pharyngeal anatomy and tone. It can be tested by 
doing an insufflation test and can be treated by 
cricopharyngeal myotomy if appropriate. The pros- 
thesis itself is one step in the pathway, and could be 
thought of as only one resistor in a series of resistors. 
The strength of the lung can be weakened by several 
factors, including prior spontaneous pneumotho- 
rax, prior thoracotomy or chest trauma, fibrotic 
changes on chest radiography, and chronic obstruc- 
tive pulmonary disease, especially with blebs or 
bullae. 


The treatment is the same as that for pneumo- 
thorax from any cause. The prosthesis can be re- 
tained but should not be used until the pneumo- 
thorax resolves. The patient should be cautioned 
against habitual occlusion of the stoma for talking. 
In patients who have difficulty remembering this, 
replacing the prosthesis with a small catheter will 
prevent a thumb seal. Both of the patients presented 
used their voice prostheses successfully within 1 
week following resolution of the pneumothorax. 


CONCLUSION 


We have presented a previously unreported as- 
sociation of pneumothorax and use of a tracheo- 
esophageal voice prosthesis. The observed incidence 
of pneumothorax in this group is much higher than 
the expected incidence, and this raises the question 
of causality. Pulmonary barotrauma, well studied 
in diving physiology, is the most likely mechanism. 
Pulmonary barotrauma can occur if the force ex- 
erted against the resistance of the airway is too 
great for the lungs to withstand. Increased pressure 
can occur as a result of strained voice production or 
of static occlusion. The presence of both lung dis- 
ease and high insufflation test pressures may be a 
relative contraindication to the use of a tracheo- 
esophageal voice prosthesis. The diagnosis of pneu- 
mothorax or mediastinal emphysema should be con- 
sidered in patients using a voice prosthesis who 
complain of dyspnea and chest, neck, or shoulder 
pain. 
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NEAR-FATAL COMPLICATION OF TRACHEAL T-TUBE USE 
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Stenosis of the larynx and trachea is an unfortunate sequel to many thermal injuries. Numerous surgical techniques have been 
developed for correction of such problems, many involving use of a tracheal T-tube. We report a serious complication attributed to the use 


of such a tube. Factors contributing to this complication are 
KEY WORDS — thermal injury, tracheal T-tube. 


INTRODUCTION 


Stenosis of the larynx and trachea is an unfor- 
tunate sequel to thermal inhalation injuries. Nu- 
merous surgical techniques have been developed for 
correction of these problems, one of the most 
reliable being use of a tracheal T-tube for stenting 
the reconstructed trachea. We report a serious com- 
plication attributed to the use of such a tube. 


CASE HISTORY 


In May 1985 an 18-month-old boy sustained a 
90% total body surface area, 85% third degree 
burn with inhalation injury when a gasoline can he 
was carrying exploded as he walked by a water 
heater. He was intubated for 43 days over the 
course of his initial 3-month hospitalization, and re- 
quired reintubation five times during the 43 days. 
He was then extubated and eventually discharged 
104 days after injury. 


He returned to the hospital 9 days later in obvious 
respiratory distress and underwent emergency tra- 
cheostomy. Direct laryngoscopy showed immature 
80% subglottic stenosis. During the following year 
the child underwent numerous dilatations and 
removal of exuberant granulation tissue from im- 
mediately above the tracheostomy site. Although 
neck contractures were released, the configuration 
of his neck remained such that while the true vocal 
cords could be easily viewed with a laryngoscope, 
neither tracheoscope nor bronchoscope could be 
passed further than 1 to 2 mm subglottically. The 
subglottic stenosis resolved with conservative en- 
doscopic treatment; despite repeated treatment the 
granulation tissue in the trachea just above the 
tracheostomy tube matured into firm scar tissue, 
beginning 2 cm below the true cords, extending for 
5 to 7 mm, and leaving a lumen of only about 20% 
of the normal diameter. 


analyzed and methods for avoiding similar near-catastrophes discussed. 


In December 1986 the child underwent place- 
ment of an 8-mm (diameter) tracheal T-tube. Ap- 
proximately 3 mm was cut from the upper limb of 
the tube to prevent rubbing on the true vocal cords. 
He had an uneventful postoperative course. His 
mother was taught the techniques necessary for 
home care, including plugging of the external limb, 
suctioning of both the upper and the lower limb, in- 
stillation of saline solution, internal and external 
cleaning of the external limb, and skin care. When 
she was comfortable with and proficient at these 
techniques, the child was discharged to his home in 
a rural area approximately 300 miles from the treat- 
ment center. (The child was a patient at a Shriner's 
Burn Institute, a major regional referral center for 
the care of pediatric burn patients. This is why he 
was receiving his medical care so far from home.) 


Nine days later the mother found the child 
unresponsive with no T-tube visible. Fifteen 
minutes earlier he had been breathing normally 
with the T-tube in its usual position. The T-tube 
could not be found in the crib or elsewhere in the 
child’s room, and radiography at the local emergen- 
cy room showed no evidence of the T-tube. With 
great difficulty the emergency room physician 
placed a No. 1 Shiley tracheostomy tube, and the 
child was transferred to our institution. 


Repeat chest radiography on arrival showed 
questionably increased density in the distal trachea 
(Fig 1). Direct laryngoscopy was normal. Since the 
anatomic configuration of the child’s trachea 
precluded rigid bronchoscopy, a fiberoptic bron- 
choscope was used to examine the trachea. The rim 
of the external (skin) limb of the T-tube was seen 
compressed next to and several millimeters below 
the top of the tracheostomy tube (Fig 2). In this 
position it could not be grasped with the fiberoptic 
forceps. The tracheoplasty incision was reopened, 
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Sig 1. Faint cylindrical radiodensity seen in tracheal lu- 
nen proximal to density of tracheostomy tube. 


and the tracheal incision extended inferiorly. It was 
then possible to grasp the edge of the T-tube with a 
hemostat and remove it. A small amount of crusting 
was noted on the upper (tracheal) limb. A No. 13 
Shiley tracheostomy tube was placed, and the inci- 
sion loosely closed. 


Interestingly, although the T-tube was only in 
place for about a week, the tracheal stenosis has 
resclved, and the child has been successfully decan- 
nulated. 


Fig £. Position of tracheostomy 
tube and T-tube when patient ar- 
rived in operating room. A) Line 
drawing. B) Photograph of actual 
instruments. 


DISCUSSION 


he tracheal T-tube is a device that both permits 
airway bypass of a compromised glottic or upper 
tracheal region (as does a tracheostomy) and stents 
the trachea. The T-tube is primarily useful for in- 
ternal support of the injured, reconstituted, or 
reconstructed trachea. 


he T-tube is initially inserted into the trachea in 
the operating room with the patient under general 
anesthetic. The original tube can usually be left in 
pla-e until no longer needed." In the occasional pa- 
tiert who requires T-tube replacement (for exam- 
ple. if one of the internal limbs cannot be satisfac- 
tori y cleaned), the tract usually is formed well 
eno agh that office replacement is possible. 


L=pending on the severity of injury or stenosis, 
the T-tube is left in place for 2 weeks to 2 or 3 
morths, although tubes have remained in place for 
years without serious tissue reactions.! The T-tube 
can -hen be removed for careful examination of the 
tracaea. This can be accomplished using a fiberop- 
tic Eronchoscope in the office, or with the rigid 
tracLeoscope or bronchoscope in the operating 
room. After examination, the T-tube can be re- 
placed if necessary. In adults, if the examination 
revezls a satisfactory trachea, a silicone tracheal 
canmuila is placed and plugged. The cannula is simi- 
lar te a T-tube with most of the internal limbs re- 
moved. It consists of an external limb and a soft, 
thin mner flange that rests against the anterior wall 
of the trachea." This is left in place for an additional 
2 to £ weeks while the response of the airway to the 
remo-al of stenting is assessed. The T-tube can be 
reinserted or other appropriate measures taken if 
airwey compromise develops. If the patient remains 
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Fig 3. Safe-T-Tub> with circumferential ridges onto which 
ring washer may be p* iced, securing tube against posterior 
displacement. 


asymptomatic and the examination results are 
good, the tracheal cannula is removed and the inci- 
sion is permitted to heal the way it does after 
tracheostomy decannulation. This tracheal cannula 
is available only in one (adult) size, so in children a 
down-sizing sequence of tracheostomy tubes must 
be used instead. 


What actually happened with this particular pa- 
tient to dislodge the T-tube internally is a matter for 
conjecture. Possibly the child extended his chin and 
rolled over, hitting the T-tube on the mattress at 
precisely the angle needed to push it internally. The 
child, however, is totally deaf (aminoglycoside tox- 
icity) and mute, thus unable to call for help. In ad- 
dition, he has no fingers, with both hands ending at 
the carpal-metacarpal joints. Possibly, the tube 
bothered the child, either because it was different 
from the tracheostomy tube he had become accus- 
tomed to, or possibly because of crusting (enhanced 
by rougher surfaces from trimming the upper end of 
the tube?) with partial obstruction. Without 
fingers, he could not pull the tube out, but may 
have “batted” at the tube and dislodged the skin 
limb into the wound. We think it possible that the 
end of the skin limb of the T-tube initially lay 
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within the skin wound. It was probably pushed fur- 
ther internally by insertion of the tracheostomy 
tube, which, luckily, slipped alongside the dis- 
placed T-tube rather than pushing the whole tube 
into an occluding position in the proximal trachea. 


This is an unusual chain of events, but what has 
happened once can happen again, possibly with a 
fatal ending. In this case it was just possible to grasp 
the T-tube through the reopened tracheoplasty inci- 
sion. Had the tube been several millimeters farther 
away, median stenotomy would have been required 
for removal. Factors that may have contributed to 
the difficulties are 1) trimming of the upper limb 
that left a slightly rougher surface that may have 
encouraged crusting, 2) absence of radiopaque 
marking on the T-tube, making it difficult to ascer- 
tain its location, and 3) absence of external fixation 
el permitting posterior displacement of the 
tube. 


Trimming of the T-tube may be necessary to 
avoid having the tube extend into the supraglottic 
region. A perfectly smooth surface, however, is less 
likely to have crusting than a rougher surface. A 
tube trimmed in the operating room, even when 
meticulous care is taken to bevel and smooth the cut 
surface, will have rougher areas than the manufac- 
turer’s tapered surface. Other choices for proper 
positioning of the tube include repositioning the 
tube itself with respect to the trachea, and custom 
tubes. If a special length or size of T-tube is needed, 
the companies that make the T-tubes can manufac- 
ture one to the needed specifications in 2 weeks or 
less. A radiopaque line on the long axes of the 
T-tube would facilitate radiographic confirmation 
of location. 


A modification of the T-tube that helps ensure 
against dislocation into the trachea has recently 
become available. The Montgomery Safe-T-Tube 
(Boston Medical Products) has a series of circumfer- 
ential ridges around the skin limb (Fig 3). A closely 
fitting ring washer can be pushed down over this 
limb to fit next to the skin, snugly holding the 
tracheal portion against the anterior tracheal wall.’ 
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OSTEORADIONECROSIS OF THE HEAD AND NECK: A CASE 
OF A CLAVICULAR-TRACHEAL FISTULA SECONDARY TO 
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Raciation therapy is an integral part of treatment for head and neck cancer, but its use is not without complications. We describe the 
first reported sternoclavicular-tracheal fistula resulting from osteoradionecrosis (ORN) at the medial clavicle. This ORN resulted from 
definitive radiation therapy for a primary pyriform sinus squamous cell carcinoma. The diagnosis of ORN was made by fiberoptic bron- 
choscopy. The physiologic damage of ORN is based on a compromised blood supply and altered metabolism of bone formation secondary 
to effects of ionizing radiation. Treatment requires meticulous hygiene, antibiotics, and debridement as conservative therapy. Radical 
surgery and reconstruction may be indicated in refractory cases. A thorough preirradiation assessment of patients is mandatory to decrease 


the incidence of radiation-induced ORN. 


KEY WORDS — clavicular-tracheal fistula, ionizing radiation, osteorad onecrosis. 


INTRODUCTION 


Head and neck cancer often requires multimo- 
dality therapy for optimal results in treatment. 
Surgery, radiotherapy, chemotherapy, or a com- 
bination of these is used for treatment. Ionizing 
radiation produces destructive tissue changes in 
bone and soft tissue in the irradiated field. 


We describe the first reported case of a sterno- 
clavicular-tracheal fistula as a complication of 
osteoradionecrosis (ORN) from full-course radia- 
tion therapy for a primary pyriform sinus car- 
cinoma. The following report discusses the patho- 
physiology of ORN, its clinical course, and treat- 
ment as it relates to cancer of the head and neck. 


CASE REPORT 


A 64-year-old man was referred to Thomas Jef- 
ferson University Hospital after being diagnosed 
with a T3NOMO squamous cell carcinoma of the left 
pyriform sinus in January 1984. He had been com- 
plaining of throat pain of 8 months’ duration prior 
to admission. 


His medical history was significant for myocar- 
dial infarction occurring in 1981. He had chronic 
atrial fibrillation, angina, and hypertension. He 
had a greater than 40-pack-year history of tobacco 
use and a history of alcohol abuse. His medication 
included digoxin and hydrochlorothiazide. 


The patient underwent a total of three courses of 
5-FU and cisplatin along with definitive radiation 
therapy completed in April 1985. Seven thousand 


rad were delivered to the primary tumor in 38 frac- 
tions over 66 days. A shrinking field technique was 
used. The two sides of the neck were treated com- 
prenensively. The clavicles received 5,000 rad. The 
patient tolerated the treatment well. No subsequent 
chemotherapy was delivered. 


Cver the next 2 years the patient noted increasing 
shortness of breath. In March 1987, a suspicious 
area was noted on the left false vocal cord and the 
patient was scheduled for a direct laryngoscopy and 
biopsy. At the time of surgery, marked supraglottic 
edema and granulation tissue were found with se- 
vere compromise of the airway presumed to be pre- 
cipi'ated by an upper respiratory tract infection 
conmp.icated by radiation changes. An elective tra- 
checs*omy was performed. The results of biopsies 
were negative for neoplasm. The patient’s hospital 
course was uneventful except for a mild tracheal 
cellulitis and persistent complaints of right shoulder 
pain, thought to be referred from the tracheostomy 
site. The patient was discharged on oral dicloxa- 
cillin. 


Tae patient was admitted 2 months later with 
pleuritic chest pain, a severe cellulitis localized to 
the tracheostomy site, and pain in the right ster- 
noclavicular joint with limited range of motion of 
the right shoulder. 


The results of chest radiographs and admission 
laboratory tests were normal except for an arterial 
oxygen pressure of 58 mm Hg on room air. An ele- 
vated erythrocyte sedimentation rate of 80 was 
noted. The patient was started on intravenous ceph- 
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Fig 1. Drawings of clavicular-tracheal fistula. A) Endoscopic view. B) Anteroposterior view. C) Coronal view of fistula and 


anatomic relationships. 


azolin and warm soaks to the tracheostomy site. 


Two weeks into the course of admission the pa- 
tient was decannulated. Subsequently he developed 
a right lower lobe pneumonia and bilateral pleural 
effusions, as well as an upper gastrointestinal tract 
hemorrhage requiring blood transfusions. The right 
shoulder pain became more severe. Results of a 
bone scan were consistent with osteomyelitis of the 
right sternoclavicular head. Four weeks into his ad- 
mission the patient had a hypotensive episode asso- 
ciated with acute respiratory distress. An emergen- 
cy bronchoscopy was performed. A purulent sinus 
tract was discovered with drainage from a small 
hole in the internal portion of the now-closed 
tracheostomy site (Fig 1A). 


This sinus tract communicated with the right 
sternoclavicular head (Fig 1B,C). The following 
day the orthopedic service resected the right medial 
clavicle and the otolaryngology service performed a 
tracheostomy. The results of pathologic examina- 


tion of the bone specimen were consistent with 
ORN. 


The wound was left open to heal secondarily. 
The patient was started on appropriate antibiotics 
and discharged 2 weeks after surgery. Follow-up 
shows no evidence of disease 1 year later, with suc- 
cessful decannulation. 


DISCUSSION 


As early as 1897, Gilchrist’ observed that x-rays 
affected adult bones. In 1922, Regaud? made the 
observation that mandibular necrosis following ir- 
radiation was not the same as that seen in infectious 
osteomyelitis, in that no true line existed between 
dead and viable bone. It is well known that damage 
to vascular structures of bone precedes destruction 
and loss of bone cells. 


Vaughan? and Anderson described radiation 
osteodysplasia and radiation atrophy. Anderson 
stated that atrophy is caused by metabolic disturb- 
ances consistent with damage to the surrounding 
blood supply. The increase in infection associated 


with irradiation of bone may be due to the impaired 
local immune response associated with radiation as 
well. 


Irradiation makes bone hypocellular, with the os- 
teoblasts being more sensitive to radiation. The nor- 
mal process of bone destruction and remodeling is 
disturbed in favor of osteoclastic activity. This se- 
quence results in decreased collagen production and 
alkaline phosphatase activity, which will result in 
decreased matrix formation and disturbance of 
bone mineralization.° 


The pathologic events leading to the production 
of ORN include 1) obliteration of fine vasculature, 
2) progressive fibrosis, 3) loss of normal marrow 
cellular elements, and 4) fatty and fibrous degener- 
ation of the marrow.°® The basic process of ORN is 
one of obliterative endarteritis that ultimately com- 
promises the blood supply to bone (Fig 2). Micro- 
scopic examination of previously irradiated tissue 
reveals an endothelial degenerative process termed 
foamy degeneration. Cellular swelling and detach- 
ment eventually occur. Fibrin thrombi develop and 
produce occlusion of the microcirculation. This 
leads to tissue hypoxia. The number of bone cells 
decreases, and a progressive fatty degeneration and 
fibrosis of the marrow are observed. The perioste- 
um becomes fibrotic and as a result the irradiated 
bone responds unfavorably to injury.’ 


Fibrosis seen in surrounding soft tissues is from 
permanent damage to fibrocytes and their skin cells 
causing a disturbance in blood vessel formation and 
fibroblast proliferation.* Irradiation effects col- 
lagen degradation, resulting in excess accumulation 
of collagen in irradiated tissue. These changes 
result in the brawny edema of the skin associated 
with radiation injury. 


INCIDENCE AND PREDILECTION 


The incidence of ORN in the head and neck fol- 
lowing radiation therapy for malignancy varies 
from 4% to 22% depending on the interpretation of 
clinical findings, methods of treatment, and the pe- 
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Fig 2. Photomicrographs of osteora- 
dionecrctic damage. A) Fragments of 
bone showing extensive fibrosis and 
areas of done necrosis (lower right) (H 
& E, orginal x100). Note paucity of 
bone cells. B) Arteriole showing thick- 
ening of vascular wall, cellular atyp- 
ia, and marked perivascular fibrosis 
(H & E, original x400). 


riod of time patients are seen following treatments.’ 


The mandible has the greatest incidence of ORN 
of the head and neck region. This is probably 
because in the radiotherapy techniques commonly 
used to treat head and neck cancer, the mandible 
receives higher doses of irradiation than other bones 
of the head and neck. 


The fact that ionizing radiation absorption in- 
creases with increased density may suggest that the 
more dense, less vascular mandible absorbs more 
radiation than the less dense, more vascular max- 
illa.” This may also contribute to the higher in- 
cidence of ORN seen in the mandible. 


It must be emphasized that the presence of dis- 
eased teeth is the primary initiator of ORN of the 
mandible. The removal of diseased teeth prior to 
the initiation of radiotherapy reduces the incidence 





of ORN markedly.‘ 


A previously irradiated area is at risk because of 
the impaired blood supply and compromised heal- 
ing ability. Predisposing factors vary for increased 
susceptibility to ORN. Amount of ionizing radiation 
exposure, use of implants, preirradiation extraction 
witheut alveolectomy and primary closure, exposed 
cemeatum, periodontal pockets, surgery during ac- 
tive irradiation or early postradiation therapy, and 
inadequate cancer surgery all may lead to an in- 
creased incidence of ORN. In one series, postradia- 
tion tooth extraction led to a 45% incidence of man- 
dible resection for control of infection.° 


Sharp bone edges or bony irregularities on the 
mandibular surfaces should be removed. Denture 
wearing should be delayed to avoid traumatic bone 
erosion and exposure leading to an increased in- 
cidence of infection. 
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Irradiation exposure to the parotid gland pro- 
duces xerostomia. A cariogenic flora results from a 
variation in the electrolyte content of the saliva and 
an alteration in the immunoproteins secreted by the 
saliva. These changes, coupled with a compromised 
blood supply to the maxillary or mandibular bone, 
lead to infection, and thus starts the chronic process 
of ORN. 


The critical dose of irradiation exposure has not 
been determined. Aitasalo'® described bone marrow 
changes in rabbits at doses as low as 500 rad. Osteo- 
blasts were destroyed at 1,000 rad, and osteoclasts 
at 2,000 rad. At these low doses, recovery of cortical 
bone cells occurred over 6 months. 


As the irradiation exposure dose increases, tissue 
changes become profound and irreversible, leading 
to an increased incidence of ORN. Doses above 
4,000 rad are known to cause permanent changes in 
bone.'! Osteoradionecrosis from high-dose radia- 
tion exposure (above 6,000 rad) is generally more 
refractory to conservative treatment. 


Epstein et al,'? in follow-up of 1,000 patients, 
reported an incidence of ORN of 2.6%. The mean 
time of onset of ORN following completion of 
radiotherapy was less than 6 months. The range 
was 2 days to 13 years. It appears that the greatest 
risk for developing ORN is in the first 12 months 
and that the risk diminishes gradually after 1 year.° 


CLINICAL PRESENTATION AND DIAGNOSIS 


The clinical manifestations of bone necrosis are 
intractable pain, functional limitations, pathologic 
fractures, and infection, often associated with 
fistulization. Late sequelae of sarcoma have been 
reported.’ 


Osteoradionecrosis should be considered when 
bone of the maxilla or mandible is exposed within 
the irradiation treatment volume and exposure per- 
sists for 3 months or longer.° 


The radiographic diagnosis of bone injury from 
irradiation may be difficult. Atrophy with decrease 
in density of bone is evident. The clinical symptoms 
frequently precede the radiographic changes. Scin- 
tigraphy may demonstrate inflammatory bone dis- 
ease days to weeks before the radiographic changes. 
Early disease is characterized by an increased up- 
take referred to as an extended pattern of uptake." 


Dolezal et al'' described a progressive spectrum 
of changes occurring in irradiated bone. At first 
there is diffuse demineralization with slight cortical 
thickening and coarsening of the bony trabecular 
pattern. There are minimal radiographic changes 





and the patients are asymptomatic. If the disease 
progresses, it may lead to ORN representing active 
infection within bone. Osteomyelitis and bone de- 
struction are evident on radiography. These pa- 
tients are symptomatic. 


THERAPY 


The treatment goals in management of ORN are 
primarily to relieve pain, maintain function, and 
preserve appearance. Conservative treatment in- 
cludes antibiotic therapy, meticulous oral hygiene, 
and minor debridement. Hyperbaric oxygen has 
been shown to be very effective in the treatment of 
ORN of the head and neck. 5-7 


In 1962, Prockop et al'® found that molecular 
oxygen was required for the hydroxylation of pro- 
line and lysine during collagen synthesis. Hunt and 
Pai’? showed that increasing the arterial-wound ox- 
ygen pressure gradient gives way to a rise in mean 
capillary oxygen pressure. This promotes synthesis 
and growth of collagen, which precedes the growth 
of new capillaries. Capillary buds in the presence of 
increased arterial oxygen pressure migrate farther 
and develop increased synthetic capability, giving 
rise to faster closure of wounds with increased ten- 
sile strength. 


If pain and infection persist after initial conser- 
vative therapy, then surgical intervention requiring 
resection of diseased bone may be indicated. Recon- 
struction using bone grafts, with use of free versus 
regional flaps to bring in a healthy blood supply 
outside the irradiated field, has been successful in 
treating patients with extensive ORN. 


A poor pattern of health care compliance in- 
creases the chance of failure in the treatment of 
ORN. Meticulous oral hygiene must be emphasized, 
and close follow-up is indicated to avoid significant 
complications and optimize results. 


SUMMARY 


We present a case of an unusual complication of 
radiation therapy for head and neck malignancy. 
To our knowledge this is the first reported case of a 
sternoclavicular-tracheal fistula. 


Osteoradionecrosis in the head and neck is pain- 
ful and destructive and may significantly impair 
function. Conservative therapy including antimi- 
crobials, meticulous oral hygiene, and minor de- 
bridement with the use of hyperbaric oxygen is the 
first-line treatment of choice. In refractory cases 
surgical resection with reconstruction may be indi- 
cated. 
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A universal ventilation laser fiberoptic tracheoscope has been developed for use in endoscopic treatment of patients with obstructing 
benign and malignant lesions of the subglottis-cervicotrachea and laryngectomy tracheal stoma. This instrument features a ventilation con- 
nector for either side port or Venturi jet ventilation and a proximal connector with a sheath for delivery of a 0° telescope, laser fiber, and 
suction catheter. Difficulties encountered with exposure and ventilation during laser treatment of the subglottis-cervicotrachea and 


laryngectomy stoma are overcome with this new instrument. 
KEY WORDS — ventilation laser tracheoscope. 


A new universal ventilation tracheoscope for laser 
fiberoptic application has been developed to treat 
patients with benign and malignant lesions of the 
subglottis-cervicotrachea and laryngectomy trache- 
al stoma. This instrument was designed to correct 
the shortcomings of using either a ventilation laryn- 
goscope (Venturi jet) for subglottic conditions or a 
standard ventilation bronchoscope for cervicotra- 
cheal or laryngectomy stomal lesions. The operating 
laryngoscope is often inadequate to expose the sub- 
glottis beyond 1 cm below the vocal cords. The 
standard ventilation bronchoscope is too long for 
most high cervicotracheal and laryngectomy stomal 
lesions; ventilation difficulties occur because of es- 
cape of oxygen through the ventilation holes outside 
the trachea or above the vocal cords. ' 


The optimal delivery system for laser fiberoptic 
application, such as the neodymium:yttrium alumi- 
num garnet laser, consists of a tracheoscope with 
channels for a laser fiberoptic and suction catheter 
as well as options for controlled and spontaneous 
ventilation. Good telescopic optics with adequate 
illumination for video and photographic documen- 
tation complete the system. The laser tracheoscope 
described here is a shorter version of the laser fiber- 
optic bronchoscope without ventilation holes manu- 
factured by Karl Storz Endoscopy-America, Inc 
(Culver City, Calif). 


INSTRUMENT DESIGN 


The laser fiberoptic tracheoscope available from 
Karl Storz Endoscopy-America has three compo- 
nents: a rigid tracheoscope tube, 12-mm outside di- 
ameter and 18.5 cm long, with a prismatic light de- 
flector in its handle; a universal ventilation adapter 


and an insertion sheath (short or long) for laser fiber 
and suction catheter; and a straight, forward (0°) 
Hopkins rod telescope (see Figure, A). Other acces- 
sories to be used with the tracheoscope for removal 
of laser-treated neoplasms are an optical forceps 
and a large alligator foreign body forceps. 


The universal ventilation system features either 
side port ventilation to the anesthesia machine or 
Venturi jet ventilation. Both open and closed ventila- 
tion systems may be chosen, depending on the patho- 
logic process, the patient’s medical condition, and 
the preference of the endoscopist and anesthesiologist. 


The laser fiber, usually a 2.3-mm Nd:YAG laser 
quartz fiber, and a 2.8-mm heat-resistant polyethy- 
lene suction catheter are applied through the long 
obturator sheath along with a 0° telescope for closed 
ventilation or through the open tube for quicker ac- 
cess to the lesion (see Figure, B). A short obturator 
bridge can also be used, providing more ventilation 
space within the tracheoscope. The open tube meth- 
od without the obturator sacrifices precise control 
of the tip of the fiber for more space within the lu- 
men of the tracheoscope, so important for Venturi 
jet ventilation techniques. When the obturator 
sheath is used, the lumen of the tracheoscope is 
smaller, requiring spontaneous ventilation with ox- 
ygen assist through the anesthesia side port. 


Our technique consists of rapid laser photocoagu- 
lation of the obstructing tumor foliowed by de- 
bridement with the beveled tip of the tracheoscope 
and removal of the lesion with optical forceps or 
suction cannula. Laser vaporization of the tumor 
proceeds under telescopic control with removal of 
smoke and secretion by suction catheter.’ 


From the Department of Otolaryngology-Head and Neck Surgery and the Eleanor Naylor Dana Laser Research Laboratory (Shapshay), and the Section 
of Pulmonary Medicine (Beamis), Lahey Clinic Medical Center, Burlington, Massachusetts, and Karl Storz Endoscopy-America, Inc, Culver City, Cali- 


fornia (McDonald). 
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Laser tracheoscope system. A) Components including tracheoscope tube with prismatic light deflector in handle of instrumenz, 
universal ventilation attachment, and insertion sheath carrying telescope suction catheter and neodymium:yttrium aluminum 
garnet laser fiber. Short obturator bridge also may be used, providing move ventilation space within tracheoscope. B) Completely 
assembled, with obturator sheath within tracheoscope, carrying 0° telescepe and side ports for laser fiber and suction catheter. 


DISCUSSION 


This new laser tracheoscope system has been used 
successfully in the treatment of six patients with 
partially obstructing neoplasms of the cervicotra- 
chea and laryngectomy airway. These patients were 
treated with the Nd:YAG laser with a flexible quartz 
fiberoptic delivery system. Care was taken to protect 
the patient’s eyes with moist eye pads taped in place 
and an additional cover of heavy-duty crumpled 
aluminum foil. Ventilation was spontaneous with 
assist in three patients under topical anesthesia and 
muscle relaxation and Venturi jet technique in the 


other three patients. All patients were monitored 
carecully with an oxygen saturation monitor and de- 
termination of intermittent arterial blood gases. No 
complications were associated with either the anes- 
thes a ventilation technique or the laser treatment. 


Tais new universal ventilation laser tracheoscope 
is campatible with laser fibers or waveguides less 
than 2.5 mm in diameter. Its shortened length with- 
out ventilation holes permits safe application of la- 
ser energy for removal of obstructing lesions of the 
cervical and laryngectomy tracheal airway. 
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ADULT SUBGLOTTISCOPE FOR LASER SURGERY 
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A subglottiscope for use in adult men and women has been developed for microlaryngeal laser operations in the subglottic region of the 
larynx. The tip has been designed to facilitate exposure of the subglottis and upper trachea in both short-necked and long-necked in- 
dividuals. A smoke evacuation channel has been included, as has a nonreflective finish. Finally, a port for jet ventilation has been added to 
facilitate use of this anesthetic technique when indicated. The authors have used the prototypes of these subglottiscopes on six patients, four 
women and two men, and have found the exposure of subglottic and upper tracheal lesions to be improved over that obtained with existing 


microlaryngoscopes. 


KEY WORDS — laser surgery, subglottiscope. 


An adult subglottiscope for laser surgery has been 
developed to facilitate endoscopic exposure of the 
entire subglottic larynx and upper trachea to the 
level of the second ring in patients of both sexes with 
strictures and benign and malignant neoplasms lo- 
cated in these two anatomic sites. Limitations of the 
presently available endoscopic armamentarium (in- 
cluding microlaryngoscopes and tracheoscopes) for 
exposure to perform laser operations of the sub- 
glottic space in adults, combined with many favor- 
able experiences with use of the Healy subglotti- 
scope’ in pediatric patients, prompted our develop- 
ment of this instrument. 


The tip is small enough to pass through the vocal 
cords, facilitating exposure of the subglottic larynx 
and upper trachea. The tube of this subglottiscope 


has been lengthened to facilitate its use in both 
short- and long-necked individuals (Fig 1A). The 
stainless steel tubing from which this instrument has 
been manufactured has been treated to render it 
low in specular or direct reflectance and high in dif- 
fuse or scattered reflectance when irradiated with 
mid-infrared laser energy.” A smoke evacuation 
channel has been added and a jet ventilation port 
has been included to facilitate use of this anesthetic 
technique when indicated (Fig 1B). 


An example of the exposure of the subglottic 
space with this instrument is shown in a patient 
with an obstructing subglottic granuloma (Fig 2A) 
that measured 8 mm in diameter at the time of 
resection (Fig 2B). Following excision of this lesion, 
the patency of the airway was reestablished, allow- 





Fig 1. Subglottiscope. A) Side view showing distal tip and elongated tube. B) Proximal view showing jet ventilation and smoke evac- 


uation ports. 
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Fig 2. Removal of obstructing subglottic granuloma. A) Endoscopic view of granuloma exposed by subglottiscope and visualized 
through operating microscope. B) Eight-millimeter granuloma followingændoscopic laser resection. C) Endoscopic view of patent 


subglottic airway following resection. 


ing the patient to be decannulated (Fig 2C). The 
Table summarizes the authors’ experience with this 
instrument in treating six patients, three with sub- 
glottic lesions and three with upper tracheal lesions. 


Potential applications for the use of this subglot- 
tiscope in the upper trachea and subglottic larynx 
include subglottic stenosis excision with or without 
the micro-trap door flap,** excision of granulomas 
and otner benign lesions, and excision or ablation of 
malignant neoplasms with either the carbon dioxide 
or potassium-titanyl phosphate laser. Advantages 
include the capability of simultaneously grasping, 
retracting, and/or suctioning the lesion during laser 


tional-length microlaryngoscopes. We have not ex- 
penienced any limitations with these subglottiscopes 
to date. 


USE OF ADULT SUBGLOTTISCOPE IN SIX PATIENTS 








Patient 

Na, Sex Disorder Treatment and Outcome 

] F Subglottic granu- Successful excision; patient 
loma decannulated 

2 F Suprastomal gran- Successful excision; patient 
uloma decannulated 

3 M Suprastomal gran- Successful excision; patient 
uloma decannulated 

é F Subglottic stenosis Radial incisions and dila- 


tion; patient decannulated 


resection and the ability to use either joystick or 5 F Subglottic stenosis Radial oer and ala; 

fiber laser delivery systems. A disadvantage is the spec et A ut 

need to purchase a now set of microlaryngeal = € M Tracheal stenosis at Radial incision and dilation 

struments with longer shafts than those ordinarily previous tracheot- twice: succesful Gukoome 

used for microlaryngeal surgery through the tradi- omy site with 9-month follow-up 
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Herpes simplex virus type 1 (HSV) of a highly or slightly neuropathogenetic strain was inoculated into the tongues of mice. After ap- 
propriate survival times, the animals were killed and portions of the facial and trigeminal nerves as well as the brain stem were examined 
with virus isolation and immunocytochemistry for the presence of HSV. Both virus strains were demonstrated in the geniculate and 
trigeminal ganglia and in the CNS portion of the facial and trigeminal nerves, as well as in various brain stem areas including the 
trigeminal tract and nucleus, the facial and hypoglossal nuclei, and nuclei in the reticular formation. The results indicate that HSV is 
transported to the CNS by efferent and afferent axons of the tongue and subsequently via transneuronal passage to various brain stem 
nuclei. These findings provide an anatomic basis for a putative relationship between HSV and cranial nerve dysfunction. 


KEY WORDS — brain stem, cranial nerves, herpes simplex virus. 


INTRODUCTION 


A relationship between Bell’s palsy and viral infec- 
tion’ has been suggested. The concomitant presence 
of high titers against herpes simplex virus (HSV)** 
and the isolation of HSV from a facial nerve biopsy 
specimen of a patient with Bell’s palsy® have sug- 
gested HSV as one possible pathogen. Intracerebral 
inoculation of HSV into newborn hamsters causes 
infection of geniculate ganglion cell bodies,° and in- 
jection of HSV into the facial nerve in the rabbit in- 
duces facial paralysis.’ 


The neuropathic properties of HSV are well 
known, and HSV may exist in latent form in cranial 
sensory ganglia of humans as well as animals.*® After 
reactivation, the virus is capable of manifesting its 
infectious properties. Following inoculation in the 
mouse cornea’’’® or snout,'''? HSV is transported 
intra-axonally in primary sensory trigeminal affer- 
ents to the CNS, where under certain conditions it 
may produce demyelination. In the CNS, the virus 
is readily propagated transneuronally and by subse- 
quent axonal transport in secondary and tertiary 
neurons. `? 


Clinical neurophysiologic findings indicate that 
demyelination of motor fibers in the infratemporal 
facial nerve portion is a significant pathologic fea- 
ture in most cases of Bell’s palsy.'* This demyelina- 
tion could be caused by a virus that reaches the fa- 
cial motor neurons via a polysynaptic route from 
the oral cavity, where uptake and subsequent trans- 


port of the virus could be mediated by gustatory 
and/or nongustatory primary sensory neurons. Im- 
mune complexes of viral antibody origin have been 
found in chorda tympani nerve specimens from pa- 
tients with Bell’s palsy.'* Other studies have shown 
that the facial palsy was preceded by an inflamma- 
tory process in the chorda tympani nerve. '6-*° These 
findings suggest that the chorda tympani nerve may 
be an important route of entry for the pathogenic 
agent to the facial nerve complex. Furthermore, the 
frequently observed involvement of facial sensibili- 
ty in Bell’s palsy suggests that the lingual nerve 
could be another route for the centripetal spread of 
HSV.” 


The aim of the present study has been to examine 
the migration of HSV inoculated into the tongues of 
mice, with particular emphasis on the possibility of 
facial motor nucleus invasion. 


MATERIALS AND METHODS 


Virus. Two strains of HSV were used for tongue 
inoculations. Strain KJ 502 was characterized in our 
own laboratory.” This strain causes an infection of 
high neuropathogenicity. Strain F, a virus of low 
neuropathogenicity, was supplied by Dr B. Roiz- 
man of Chicago. Batches of each strain were pro- 
duced in green monkey kidney AH-1 (GMK) cells, 
dispersed in l-mL aliquots, and kept frozen at 
-70°C until used. Each batch of virus was plaque- 
titrated in GMK cells and by intracerebral inocula- 
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VIRUS ISOLATION AFTER DIFFBE2NT SURVIVAL TIMES 


No. of Virus-Positive Specimens 


Days Post- No. of Nerve Nerve Brain 
inoculation * Mice Tongue V VII Stem 
First series 2 5 4/5 1/5 0/5 2/5 
3 4 3/3 1/3 2/4 4/4 
4 5 3/3 4/5 0/4 5/5 
Second series 3 5 5/5 4/5 3/5 5/5 


*With strain KJ 502. 


tion of 3-week-old Swiss albino mice. The number 
of plaque-forming units per 50% lethal dose (PFU/ 
LD 50 ratio) was found to be about 1 for the KJ 502 
strain and 100 for the F strain. Before inoculation, 
the strains were diluted in Hanks’ buffered salt solu- 
tion (BSS) so that about 1,000 PFUs of each type 
were inoculated. The virus isolated from the speci- 
mens was typed as described previously.”' 


Inoculation Procedure. Twelve-day-old suckling 
Swiss albino mice, anesthetized with ether, were in- 
jected with 1,000 PFUs of the KJ 502 strain in 0.02 
mL in the left side of the anterior two thirds of the 
tongue. Groups of mice were reanesthetized (chloral 
hydrate 30 mg/100 g body weight intraperitoneally) 
and killed at 2, 3, and 4 days after the virus inocula- 
tion for virus titrations from various tissues. The 
purpose of these experiments was also to establish 
an appropriate postinoculation (PI) survival time 
for the KJ 502 strain. We found 3 days PI to give the 
highest percentage of virus-positive mice. There- 
fore, another series of mice was killed 3 days PI for 
virus titration and immunocytochemical studies. 
Material from mice of strain F, 14 days PI, was used 
for immunocytochemistry. 


Specimens for all procedures were taken ipsilat- 
erally from the tongue, the trigeminal ganglion 
with the root entry zone, the infratemporal facial 
nerve portion with the geniculate ganglion and the 
root entry zone, and the brain stem including the 
facial motor nucleus. The tongue was included in 
order to check the injection site. 


Virus Titration. For titration of virus, each speci- 
men was ground with a glass pestle, suspended in 1 
mL Eagle’s minimal essential medium (MEM) and 


imsculated undiluted or in tenfold dilutions ont 
to cultures of GMK cells, 0.5 mL/culture. Th 
medium of the inoculated cultures was replaced 
heir postinfection by Eagle’s MEM supplemente: 
veh 2% bovine serum and antibiotics and contain 
im= 1% methylcellulose. After incubation at 37°( 
for 4 days, the number of plaques was counted. 


“mmunocytochemical Procedure. The HSV anti 
æn was demonstrated with the peroxidase-antiper 
o=idase (PAP) method according to Sternberger.’ 
Tae mice were fixed by perfusion with 4% parafor 
rældehyde in phosphate buffer. The specimens wer 
er-bedded in paraffin and cut serially in 10-yn 
tk sections. The sections were incubated wit] 
=% normal swine serum followed by 1) rabbit an 
terum to HSV type 1 (MacIntyre VR 3, DAKO 
C senhagen) 1:1,000, 2) swine antirabbit immuno 
æ- bulin (DAKO, Copenhagen) 1:20, and 3) solubl 
caanplex of rabbit PAP (DAKO, Copenhagen) 1:50 
Peroxidase was visualized by the reaction witl 
di minobenzidine (Sigma, St Louis) and hydroge 
peroxidase. Some sections were counterstained. 


RESULTS 


Course of Infection. Regardless of which straii 
ws inoculated, many animals showed no symp 
tens of infection. From the third day PI, however 
neurologic signs of infection of the CNS were ob 
se-ved in some animals inoculated with KJ 50: 
Steain. The symptoms ranged from slight ipsilatera 
paresis of the limbs to a moribund state. However 
it was not possible to evaluate the functional statu 
o -he facial nerve motor function adequately. 


Virologic Observations With Strain KJ 502. Iı 





Fig 1. Herpes simplex virus (HSV) antigen-positive cell bodies (arrowhe:&) in geniculate ganglion. A) Inoculation with acute strain 
KJ 502 (cresyl violet counterstain). B) Inoculation with strain F. Bars= 100 um. VII — facial nerve motor fibers. Inset) Higher 
magnification of boxed area in B (bar = 50 yum). Note satellite cells alsessontaining HSV antigens (arrowheads). 
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Fig 2. Herpes simplex virus (HSV) immunoreactive-positive reaction products in cranial nerve roots (bars = 100 
um). A) Facial nerve at level of geniculate ganglion after inoculation with strain F. No inflammatory cell reaction 
is seen. Right side of photo is proximal. B) Trigeminal root transitional region after inoculation with acute HSV 
strain (cresyl violet counterstain). Infiltration of mononuclear inflammatory cells is prominent. Broken line in- 
dicates junction between CNS portion (right) and peripheral nervous system portion (left). 


the first series of experiments, 3 days was estab- 
lished as an appropriate PI survival time. At this 
time, 50% of the facial nerves, 30% of the trigemi- 
nal ganglia, and all brain stems were infected (see 
Table). Because of difficulty with the dissection of 
the temporal bones, it is most probable that the ge- 
niculate ganglion was not obtained from all ani- 
mals. The results from a second series of animals us- 
ing this established PI survival time are shown in 
the Table. 


Immunocytochemical Observations. In most cases, 
foci or cells containing the brown horseradish per- 
oxidase (HRP) reaction product were seen at the site 
of injection in the tongue. Virus antigen also was 
detected in the tongue muscle fibers. Large in- 
dividual differences were observed with regard to 
the extent of virus-positive neurons. However, the 
principal location of these neurons was similar, 
regardless of which strain had been inoculated. In 
the geniculate ganglion, HSV antigen—positive cell 
bodies were detected (Fig 1). Positive neurons were 
present in the mandibular portion of the trigeminal 
ganglion, but absent elsewhere in the ganglion. In 
some cases, aggregations of reaction products were 
noted in the facial and trigeminal nerves (Fig 2A). 
The CNS part of the trigeminal root also showed 
large areas with heavy concentrations of reaction 
product (Fig 2B). 


Virus-positive cell bodies also were demonstrated 
in various parts of the brain stem. In the facial mo- 
tor nucleus, positive neurons were found after inoc- 
ulation of both types of viruses (Fig 3A). In one 
mouse, infected with a strain of highly neuropatho- 
genetic properties, the facial motor nucleus was in- 
filtrated by mononuclear inflammatory cells (Fig 
3B). The trigeminal sensory nuclei (Fig 4A) and 
spinal trigeminal tract also showed HSV-positive 


neurons. In addition, cells containing HSV antigens 
were observed in the solitary nucleus, the superior 
salivatory nucleus, the area postrema, and the retic- 
ular formation (Fig 4B). 





Fig 3. Photomicrographs of sections from brain stem show- 
ing part of facial motor nucleus after inoculation with 
strain KJ 502 (bars=50 wm). A) Herpes simplex vi- 
rus-positive neurons in dorsolateral part of nucleus. B) 
Area of mononuclear inflammatory cell infiltration in 
dorsolateral part. 
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Fig 4. Photomicrographs of sections from brain stem after inoculation vith KJ 502 strain demonstrating HSV-positive neurons in A) 
main sensory trigeminal nucleus and B) pontine reticular formation (Ea-s = 50 um), 


DISCUSSION 


As reviewed in the Introduction, evidence sug- 
gests that an association exists between Bell’s palsy 
and neurovirulent virus infections. For example, in- 
fections with HSV frequently occur in the oral cavi- 
ty in humans. The axons of cranial nerves V, VII, 
IX, and XII provide routes for centripetal transport 
of virus from this area toward the brain stem. We 
therefore chose to inoculate HSV virus into the 
tongue in our mouse model. Based on results from 
previous experiments,”'' HSV type 1 strains KJ 502 
and F were used in this particular animal model. 


As expected, virus could be demonstrated in the 
trigeminal and geniculate ganglia, as well as in the 
CNS portion of the facial and trigeminal roots. The 
observation of inflammatory infiltrations in the lat- 
ter region is in line with previous findings on the 
location of the pathogenetic changes when sensory 
ganglion cells are affected.®'° In one case, an infil- 
trate was present in the peripheral nervous system 
portion of the facial motor nerve close to the genicu- 
late ganglion. We speculate that in this particular 
case HSV had spread from the affected neuron and/ 
or satellite cells in the ganglion into the extracellu- 
lar space of the motor nerve region. This resembles 
the situation after direct intraneural HSV injection, 
which has been shown to cause neuropathologic 
changes as well as functional impairment.” 


The most reproducible finding, however, was the 
widespread distribution of HSV-immunoreactive 
nerve cell bodies in the brain stem. The presence of 
HSV-positive perikarya in the trigeminal nucleus is 
probably a consequence of virus transfer from pri- 
mary to secondary trigeminal sensory neurons." A 
transneuronal transfer of virus from primary sen- 
sory trigeminal ganglion cells could explain the 
presence of HSV-immunoreactive neurons in pon- 
tine reticular nuclei as well.?* However, it is also 
possible that HSV had reached these nuclei across a 
chain of two or more synapses via intercalated neu- 
rons with short axons. 


Recent studies using the retrograde transport of 
HRP or wheat germ agglutinin HRP conjugate have 


shown a small number of ventromedially locate 
nel rons in the facial motor nucleus that innervat 
tague muscle fibers’? (H. Aldskogius and L 
Themander, unpublished observations). The HSV 
pesitive motor neurons observed in the presen 
stidy were located in other parts of the faciz 
nacleus, however. In the case in which an HSV an 
tizen-positive infiltrate was present in the facia 
nerve motor portion, HSV might have entered fa 
cE. nerve motor axons and been transported retro 
g-adely to the motor neuron perikarya. However 
ir most of the cases other routes are likely to hav 
b-en involved. Facial motor neurons may have bee! 
irfected by passage of HSV across at least two syn 
a»tic sites. The trigeminal nucleus and various re 
g=s of the reticular formation are likely links be 
tween the centripetally transporting sensory gang 
lio. cells and these motor neurons.?”?8 


Herpes simplex virus infection produces demye. 
liaction of CNS myelinated fibers, possibly via ar 
effect on oligodendroglia.'? In the present study, in- 
flammatory changes were evident in the CNS por- 
tiom of the trigeminal root and in areas of the reticu- 
la formation following inoculation with strain K] 
52., However, the facial motor nucleus and the 
næ-or root appeared intact, as judged by light mi- 
croscopy of paraffin-embedded, counterstained sec- 
tiams. Obviously, only marked abnormalities would 
be dossible to detect in this material. 


The significance of the present findings for the 
cessation and pathogenesis of Bell’s palsy can only 
be speculated on. Our observations indicate that 
Pv inoculated into the tongues of mice gains ac- 
ces: to facial nerve motor neurons in two principally 
d#terent ways: 1) via lateral spread from intra- 
azonally transported HSV in the chorda tympani 
nerve or 2) via intra-axonal centripetal transport in 
the lingual nerve and/or possibly in the chorda tym- 
par i nerve and subsequent transneuronal passage to 
the facial motor nucleus. These observations pro- 
vzł an experimental anatomic framework for fur- 
thec studies on the possible involvement of HSV as 
wel as other neurovirulent viruses in the manifesta- 
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tion of facial nerve paralysis and other neurologic 
dysfunctions that characterize Bell’s palsy. Studies 


are now in process to analyze the morphologic and 
functional consequences of this viral invasion. 
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Kirschner wires commonly are used to provide in- 
“erosseous fixation. Although they usually retain 
‘heir intended position, migration of these sharply 
pointed metal pins has been reported.'~* 


CASE REPORT 


A 17-year-old girl underwent maxillary and man- 
dibular osteotomies to correct malocclusion and 
prognathia. The bone fragments were stabilized by 
Kirschner wire fixation. Postreduction x-ray films 
demonstrated good reduction and proper pin loca- 
tion (Fig 1A). 


One year later, the patient complained of severe 
right otalgia. Findings of a complete head and neck 
examination were normal. A lateral skull radio- 
graph dramatically revealed a migrant Kirschner 
wire penetrating 3 cm into the cranial cavity and 
extending 3 cm into the upper cervical soft tissue 
(Fig 1B). Computed tomography of the head showed 


a metal wire penetrating through the center of the 
right jugular foramen (Fig 2). Arteriography and 
jugular venography placed the offending metal for- 
eign body medial to the jugular vein and lateral to 
the internal carotid artery at the base of the skull 
(Fig 3). 


=xposure was accomplished through a right later- 
al cervical incision located 4 cm below the lower 
margin of the mandible. The internal carotid artery 
and the jugular vein were followed to the base of 
the skull. Intraoperative fluoroscopy was used to 
identify the wire location. Gentle exposure of the 
cervical end of the wire was accomplished, and it 
wes extracted from its fibrous encasement. The 
wound was irrigated and closed. While still under 
gemeral anesthesia, the patient was taken to the CT 
scamner by a neurosurgical team. No intracranial 
preblems were identified, and the patient was 
awakened. Her postoperative course was unevent- 


ful. 





Fig 1. Radiographs taken A) postosteotomy, showing good wire location (arrowheads), and B) 1 year later, showing wire 


penetration (arrow) of cranial cavity and upper cervical soft tissue. 














From the Divisions of Otolaryngology-Head and Neck Surgery (Sanders, Wolff), Neurosurgery (Ciric), and Neuroradiology (Mikhael), Evanston Hospi- 


tal, and Northwestern University, Chicago. 
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Fig 2. Computed tomograph revealing Kirschner wire in 
center of jugular foramen (arrows). 


DISCUSSION 


This report documents for the first time the 
presence of a migrant body, a Kirschner wire, 
penetrating the nonvenous portion of the jugular 
foramen. Its successful removal through an ex- 
tracranial approach is documented. 


Multiple reports of migrating Kirschner wires ap- 





Fig 3. Arteriogram showing aberrant wire (arrow) located 
lateral to internal carotid artery. 


pear in the literature, almost all associated with 
orthopedic procedures.'-* The use of these wires by 
oral and maxillofacial surgeons for occlusion and 
prognathic problems is common. We should be 
aware that migration can and does occur within the 
head and neck. 
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CONFERENCE ON THE EUSTACHIAN TUBE AND MIDDLE EAR DISEASES 


The Conference on the Eustachian Tube and Middle Ear Diseases will be held October 26-29, 1989, in Geneva. For further informa- 
tion, contact Prof Jacob Sadé, c/o The Secretariat, Intercontinental Hotel Geneva, 7-9 CH Du Petit Saconnex, CH-1211 Geneva 19, 


Switzerland. 


PATHOLOGY CONSULTATION 
CERVICAL RANULAS 


JOHN G. BATSAKIS, MD 


HOUSTON, TEXAS 


KENNETH D. MCCLATCHEY, DDS, MD 


ANN ARBOR, MICHIGAN 


Cervical ranulas, known also as plunging or burrowing ranulas, are an outcome of extravasated sublingual gland mucin that has 
gained access to the soft tissues of the neck. These pseudocystic lesions may be localized or extensive, and they require surgical excision of 


the sublingual gland for effective management. 


Ranulas are benign, space-occupying lesions of 
sublingual gland origin. An intraoral ranula is usu- 
ally a readily recognizable lesion with a charac- 
teristic localization and appearance. A_ bluish, 
translucent and fluctuant swelling in the floor of 
the mouth, sometimes with a history of spontaneous 
rupture and expulsion of viscid fluid, is nearly 
pathognomonic. Considerably less familiar to both 
pathologists and surgeons is the ranula’s presen- 
tation as a soft tissue neck mass, with or without an 
oral component.'*? Known also as a plunging or 
burrowing ranula, the cervical ranula should be 
added to the clinical differential diagnosis of benign 
cystic neck masses (see Table).* 


Cervical ranulas attain the neck either posterior- 
ly, where they lie lateral to the lingual nerve or 
Wharton’s duct and may displace the submandibu- 
lar gland, or through the mylohyoid muscle.* Since 
it is claimed that one third of the population has 
discontinuities of the muscle, the ranula has ready 
egress from the floor of the mouth.° 


A painless, soft, ballotable neck mass is the most 
common clinical presentation. Parapharyngeal ex- 
tension may be present. The cervical ranulas are 
variable in size at the time of treatment. Usually 
above the hyoid and in the submental or subman- 
dibular region, they may extend deeply into the 
neck to the supraclavicular region and upper 
mediastinum or posteriorly to the skull base. 


Until 1978, the otolaryngologic literature con- 
tained only one report of ranulas presenting in the 
cervical region.’ Clinical awareness was further 
diminished by statements that the lesions occurred 
exclusively in the South African Bantu or in 
canines.® It is likely that pathologists are even less 
aware of cervical ranulas, prompting them to mis- 
interpret the lesional cells as neoplastic. Because 
they have been poorly understood, treatment often 
has been inappropriate and has included marsupial 
ization, grommet insertion, radiation, and excision. 


Because of etiologic and therapeutic confusion, 
there has been a significant recurrence rate and 
related morbidity. Van den Akker et al* indicated 
chat an average of three operations were necessary 
before cure in the cases reported before 1978. 


Establishment of the sublingual gland as the ori- 
gin of cervical ranulas has replaced theories of an 
extrasalivary origin and has thereby dictated appro- 
priate management. Acceptance of the sublingual 
gland as the origin is based on the following 
reasons: 1) the ranula’s high protein fluid content is 
most similar to secretions of the sublingual gland; 2) 
the submandibular gland seldom displays any in- 
trinsic abnormality, but is displaced; and 3) surgi- 
cal excision of the adjacent sublingual gland de- 
creases or eliminates recurrences or persistence of 
the cervical ranula. 


Most ranulas, whether oral or cervical, are pseu- 
docysts without an epithelial lining. Mucus extrav- 
asated from the sublingual glands enters into the 


BENIGN CYSTIC NECK LESIONS 


Midline, ?; below hyoid bone, '/⁄, off 
midline; anteromedial to carotid ar- 
tery and jugular vein 


Lateral neck, unrelated to hyoid; if 
small, anterior to sternocleidomastoid 
muscle and lateral to carotid artery 
and internal jugular vein; most pre- 
sent near i of mandible 


95% near inferior thyroid border; off 
midline; anterior to carotid artery 
and internal jugular vein 


Thyroglossal duct cyst 


Branchial cleft cyst 


Parathyroid cyst 


Off midline; low neck; anterior to ca- 


Cervical thymic cyst 
rotid artery and internal jugular vein 


Dermoid cyst Near midline, usually in upper neck 


Off midline, usually posterior to ca- 
rotid artery and internal jugular vein; 
may involve floor of mouth 


Usually near thyroid gland 


Off midline and suprahyoid in sub- 
mental or submandibular triangles 


Cystic hygroma 


Benign teratoma 


Cervical ranula 


O a a aaa aaua 
From the Division of Pathology, University of Texas M. D. Andersen Cancer Center, Houston (Batsakis), and the Department of Pathology, University 


of Michigan Medical School, Ann Arbor (McClatchey). 


REPRINTS — John G. Batsakis, MD, Division of Pathology, University of Texas M. D. Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 


77030. 
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Cervical ranula. A) Pseudocystic space contains mucin and is surrounded by vascularized connective tissue (H & E, original x180). 
B) Sublingual gland from patient with cervical ranula. Salivary ducts are surrounded by uniform, optically clear histiocytes and 
mucocytes reacting to extravasation of mucin (H & E, original x80). 


soft tissues and dissects between fascial planes. The 
histologic appearance of the ranula varies in ac- 
cordance with time.’ Ranulas with a short clinical 
history and without prior intervention manifest a 
loose, vascularized connective tissue surrounding 
collections of mucin and microscopically simulate a 
bursa or even angioma (see Figure, A). Numbers of 
histiocytes and so-called mucocytes lie in the eyst 
walls and may dominate areas of histologic sections. 
The optical clarity of these cells’ cytoplasm may 
lead to a mistaken diagnosis of clear cell carcinoma 
(see Figure, B). With chronologic progression, the 


mucin, histiocytes, and mucocytes become less 
prominent, and the appearance of the ranula is that 
of a dense, still well-vascularized, fibrous connec- 
tive tissue pseudocyst. Chronic or acute inflamma- 
tory cells are never conspicuous in any stage of the 
ranula. 


Marsupialization inevitably will lead to recur- 
rence in the non-epithelial-lined pseudocyst. The 
essential component of treatment for cervical ranu- 
las must include removal of the sublingual gland 
from which the mucus secretion is arising. ™? 47° 
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BOOK REVIEWS 


Surgical Lasers — A Clinical Guide 


Terry A. Fuller, ed. Hard cover, illustrated, indexed, 229 
pages, 1987. Macmillan, New York. 


This text was intended to provide an understanding of the fun- 
damental principles of absorption of laser energy and to illustrate 
the therapeutic applications in several surgical disciplines. The 
editor has enlisted a panel of specialists in the areas of otolaryngol- 
ogy, gynecology, and cutaneous, urologic, and neurologic sur- 
gery. Separate chapters are devoted to the use of lasers in gastroin- 
testinal disease and podiatry. 


The introduction is basic, but thorough and detailed. The 
chapters on surgical applications for lasers are well written and 
documen: the benefit of using the laser for various surgical proce- 
dures within each specialty. In otolaryngology, appropriate cases 
are selected with good photographic demonstration of therapeutic 
results. Suggestions for the physical arrangement of the equip- 
ment in the operating room are most helpful, and the book serves 
as a guide to the techniques for treating various lesions. It includes 
time constants and power exposures for treatment. 


The chapter on diseases of the trachea and bronchi has excellent 
color illustrations of the endoscopic pathology, as well as a cri- 
tique of tne advantages and disadvantages of various endoscopic 
instruments and lighting systems. There are several extremely in- 
formative colored illustrations on the coordinated handling of en- 
doscopes, laser fibers, forceps, and suction tubing within the nar- 
row confines of the endoscopic instrument. 


This textbook provides an excellent broad understanding of the 
principles of electromagnetic radiation absorption, as well as sur- 
gical chapters describing surgical laser techniques in detail for 
each of the specialties covered. The illustrations are excellent and 
mest informative. 


JOSEPH R. DIBARTOLOMEO, MD 
Santa Barbara, California 


The ABR Handbook 


Michae E. Glasscock III, C. Gary Jackson, and Ann Forrest 
Josey. Hard cover, illustrated, indexed, 168 pages, 1987. 
Thieme Medical Publishers, Inc, New York, $25. 


According to the authors, this text is intended as a practical in- 
troductior to the clinical use of the auditory brain stem response 
(ABR). The book comprises six chapters: 1) an introduction to the 
ABR, which includes a brief history of its use and a glossary; 2) a 
review of the anatomy, physiology, and pathophysiology of the 
auditory system; 3) a review of basic instrumentation and tech- 
niques, with a troubleshooting section; and 4) three chapters 
devoted tc clinical applications of the ABR, the authors’ clinical 
experience, and case studies. 


That the authors have extensive experience with the application 
of the ABR is evident. The clinical sections of the book are com- 
posed largely of case studies from their own clinic. While the case 
studies do not reveal any new findings, they are fairly represen- 
tative of the range of cases encountered in an otologic/ audiologic 
practice. 


The bock exhibits some of the deficiencies frequently associated 
with a multiauthored text. The writing style of the various chap- 
ters is uneven. The content of the last three chapters is somewhat 
redundant and poorly organized. For an introductory text, there 
are important omissions. The authors do not provide a full discus- 
sion of the normal ABR or discuss the range of expected wave- 
forms and latencies in normal subjects. Neither is there a discus- 
sion of the primary neural generators of the various waveforms. 
Curiously, the anatomy and physiology sections emphasize the 
tympanic nembrane and middle ear with relatively little atten- 
tion to the eighth nerve and auditory pathways in the brain stem. 


The physiology section contains several errors, including the 
following. The authors state that almost all fibers of the eighth 
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nerve fail to respond to stimulus frequencies above 1,000 Hz (p 
24). In fact, single unit studies report many units with charac- 
teristic frequencies in the 5- to 10-kHz range. In the physiology 
section it is asserted that stimulation of the olivocochlear tract 
reduces N1 amplitudes but that the cochlear microphonic is unal- 
tered (p 25), although it has been demonstrated that the cochlear 
microphonic increases with efferent stimulation. The glossary is 
also imprecise and incomplete. 


Some of the assertions in the book are not supported by the 
literature. The new reader may be unaware that descriptions of 
the ABR as “a completely objective indicator of auditory function 
. . . that accurately defines the inconsistent patient’s auditory 
thresholds completely” (p 83), and “abnormalities of individual 
waveforms can be clinically interpreted as representing pathology 
at the site of its anatomic correlate, so that focal lesions can be 
precisely localized” (p 86) are highly controversial. Elsewhere in 
the book caveats are provided regarding these applications, but 
not insa systematic fashion. The novice may be left with unrealis- 
tic expectations of the information provided by the ABR. 


The value of this book is probably to the reader with a strong 
background in ABR and auditory physiology but little clinical ex- 
perience. For this individual, the instrumentation and basic tech- 
nique section could be beneficial. It was particularly refreshing to 
read a practical troubleshooting section, which is frequently ab- 
sent in ABR texts but much needed by inexperienced clinicians. 
The numerous case studies reflect a wide range of clinical ex- 
perience not only with the ABR itself but with patient manage- 
ment and concerns. To the new clinician, these case studies could 
help bridge the gap between the classroom and the clinic. 


KATHLEEN CAMPBELL, CCC-A 
Iowa City, Iowa 


Vertigo, Nausea, Tinnitus and Hearing Loss in Cardio-Vascular 
Diseases 


C. Claussen and M. V. Kirtane, eds. Hard cover, i_lustrated, 
indexed, 525 pages, 1986. Excerpta Medica, New York, $118. 


This book is the 14th volume of collected papers from the Pro- 
ceedings of the Neurootological and Equilibriometric Society. 
The text comprises presentations given in March 1986 at Bad Kiss- 
ingen, West Germany. In apparent haste to have these papers in 
print, a voluminous number of typographic errors that time and 
review would have eliminated went uncorrected. 


The thrust of this volume is in two major areas: practical equi- 
libriometry (a term chosen by the Society to mean a new way of 
utilizing the objective and quantitative measurements of neuro- 
sensory equilibrium function for routine purposes) and neurosen- 
sory pathology in cardiovascular disease. 


The 93 concisely presented essays, based primarily on clinical 
studies with minimal technical support, reveal little new informa- 
tion. The patient’s history is still the most valuable aspect in deter- 
mining the cause of dizziness. Typically, the patients with cardio- 
vascular disease presented in these essays have a revealing history 
(ie, their age, hypertension, coronary thrombosis, vascular acci- 
dent) with no complicating factors. Lacking are papers that in- 
cluded dizzy patients of a younger age who have arrhythmias, hy- 
potension, chest pain, or cardiac palpitations. 


These commissioned papers are somewhat redundant Still, it is 
interesting to see central themes and pivotal cases repeated with 
different twists. Therapeutic approaches to many of these condi- 
tions are included. 


The-strength of this book is in its clinical review of the many 
etiologie aspects of vertigo and postural instability. It will not 
command any central stage, but the additional insight gained 
from leisurely reading will repay the effort. 


DENNIS G. Pappas, MD 
Birmingham, Alabama 
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Evaluation and Installation of Surgical Laser Systems 


David B. Apfelberg, ed. Hard cover, illustrated, indexed, 313 
pages, 1986. Springer-Verlag, New York, $69.50. 


This book was intended to explain basic laser biophysics and il- 
lustrate the various applications of lasers in different surgical spe- 
cialties. Additional chapters deal with the logistics of establishing 
a laser facility. One includes the administrative responsibilities 
and enumerates the subtle financial considerations and appropri- 
ate billing procedures. A chapter addresses nursing education for 
the operating room surgical techniques and postoperative instruc- 
tions for patients. A third provides guidelines for establishing a 
laser committee, policies for accrediting and monitoring physi- 
cians, and a protocol for laser safety. 


The medical chapters review indications and techniques for 
utilizing lasers in several specialties: ophthalmology, otolaryngol- 
ogy-head and neck surgery, gynecology, urology, and gastrointes- 
tinal, cutaneous, and podiatric surgery. 


An excellent part of the text is the glossary on laser terminology, 
which includes samples of bylaws, guidelines, and instruction, 
protocol, and flow sheets, as well as many checklists of areas in 
which lasers may be used. This includes preoperative, postopera- 
tive, and procedural guidelines for using laser equipment. There 
are address lists of the laser manufacturers and a list of texts 
published in the area of laser surgery. There is an extremely useful 
appendix that provides guidelines for establishing a laser safety 
protocol, equipping a laser facility, and trouble-shooting common 
equipment problems. There is an excellent array of sample forms 
that may be used as a checklist for processing patients for laser 
surgery, and an equipment maintenance schedule. Finally, there 
is a useful directory of equipment manufacturers, service com- 
panies, and publications pertinent to laser instruments and 
surgery. 


The textbook does an excellent job of outlining the logistics of 
establishing a successful laser center and reviews the surgical pro- 
cedures that would be suitable for laser therapy in such a center. 


JOSEPH R. DIBARTOLOMEO, MD 
Santa Barbara, California 


Slide Interpretation in Oral Diseases and the Oral Manifestations 
of Systemic Diseases 


Crispian Scully and Jonathan Shepherd. Soft cover, illustrated, 
indexed, 156 pages, 1986. Oxford University Press, New York. 


The authors designed this book as an aid for students in medical 
and dental specialties dealing with disorders of the head and neck. 
Suggestion is made in the preface that a general medical practi- 
tioner may find the text useful as an aid to identifying the causes 
of oral diseases. 


The text presents six sets of papers, each consisting of 15 slides 
with associated questions. While the slides concentrate on oral 
disease, various head and neck disorders are presented, including 
trauma, congenital anomalies, and oral and head and neck mani- 
festations of systemic disease. Correct answers and interpretation 
of the illustrations in terms of clinical diagnosis and further work- 
up are given at the end of each paper. 


The text is not intended to be comprehensive and cannot be used 
as a pictorial atlas of oral disease. General practitioners and den- 
tists, as well as students, may find the text useful for testing their 
knowledge; but because it is limited in scope, the otolaryngology- 
head and neck surgery resident will not necessarily find the text 
helpful when confronted with a patient with an oral disease. 


DENNIS M. CROCKETT, MD 
Los Angeles, California 


Clinical Pocket Guide to Ear Disease 


Michael Hawke. Hard cover, illustrated, indexed, 136 pages, 
1987. Lea & Febiger, Philadelphia. 


This pocket-size atlas contains excellent endoscopic photo- 
graphs of the most commonly encountered problems and diseases 


of the external and middle ear. It would be a useful tool in ex- 
plaining specific conditions to patients. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Respiratory Function in Speech and Song 


Thomas J. Hixon and Collaborators. Hard cover, illustrated, 
indexed, 433 pages, 1987. College-Hill Press, San Diego, $32. 


This text is composed of 12 manuscripts dealing with respira- 
tory function for speech and song and represents the primary 
work produced from the laboratory of the first author over the 
14-year period from 1972 to 1986. Many of the manuscripts 
previously were published as articles or book chapters but have 
been edited for consistency of style and terminology. 


Respiratory anatomy and physiology in normal speakers and 
techniques for investigating dynamic aspects of speech production 
are included in the first two chapters. Chapter 1 is a heavily il- 
lustrated review of respiratory function for speech and demon- 
strates the lucid writing that characterizes the text. The following 
chapter reviews speech production measurement techniques such 
as strain-gauge transduction, ultrasound, body plethysmography, 
and electromagnetic transduction. Although there have been 
technologic improvements in several of the systems (ie, strain- 
gauge transducers for lip and jaw movements), the discussion of 
the physical principles of operation of these measurement systems 
remains reasonably current. 


The other chapters of the text are a series of data-based in- 
vestigations of respiratory kinematics in normal speakers, in 
speakers with abnormal respiratory function, and in highly 
trained singers and actors. Electromagnetic transducers used to 
measure rib cage and abdominal displacements are the measure- 
ment device common to these studies. 


Chapter 3 deals with dynamic aspects of chest wall motion, but 
does not attempt to segment the forces that are operating on the 
respiratory mechanism to produce the motion. The following 
study uses electromagnetic transduction combined with measures 
of esophageal and gastric pressure to provide a reasoned account 
of respiratory kinematics and the mechanical activity of the chest 
wall, thorax, rib cage, diaphragm, and abdomen during speech 
and singing in upright and supine body positions. These two 
chapters are perhaps the most detailed descriptions of dynamic as- 
pects of respiratory activity during speech production in normal 
speakers available in the literature and provide the normative 
base for investigations of groups of subjects with disordered respi- 
ratory function. 


Five chapters are studies of abnormal respiratory function. In- 
cluded are groups of subjects with profound hearing loss and mo- 
tor neuron disease and case studies of subjects with Friedrich’s 
ataxia, paralytic poliomyelitis, and flaccid paralysis of the respi- 
ratory musculature. Also included are case studies of respiratory 
kinematics in subjects with vocal abnormalities due to respiratory 
“misuse,” traumatic spinal cord injury, and spasmodic dyspho- 
nia. The final chapters deal with respiratory kinematics in opera 
singers and Shakespearean actors and the relationship between 
body type and speech breathing. The focus of the text clearly is on 
respiratory function for speech, since only one chapter is devoted 
specifically to respiratory activity during singing. 


A common problem with compilations of work by a number of 
investigators is a diversity of content and writing style that re- 
duces the overall focus and value of the text. That is not the case 
with this book. Anchored by a widely respected authority on re- 
spiratory function for speech, a rich heritage of research on re- 
spiratory activity is provided within a single text. Although sever- 
al of the manuscripts were published more than 10 years ago, the 
book has retained its currency and would be a valuable addition 
to the libraries of clinicians and researchers concerned with 
respiratory function. 


THOMAS P. MARQUARDT, PHD 
Austin, Texas 


OTOLARYNGOLOGIST 


SAN FRANCISCO 
BAY AREA 


A full-time position is available at the Kaiser 
Permanente Medical Center in Oakland, Cali- 
fornia. The position involves an active clinical 
and surgical practice, resident and medical 
student teaching, and clinical research oppor- 
tunities. The position offers a competitive 
salary and outstanding benefits. It requires 
Board-certification/eligibility and a Califor- 
nia license. 


Contact: 

Raymond L. Hilsinger, Jr, MD 
Department of Otolaryngology 
Kaiser Permanente Medical Center 
280 West MacArthur Blvd 
Oakland, CA 94611 
(415) 596-6402 


POSITION AVAILABLE 
OTOLARYNGOLOGIST 


The University of Florida is seeking an otolar- 
yngologist to join its major teaching unit in the 
University Hospital of Jacksonville. Responsi- 
bilities involve teaching in undergraduate and 
graduate education programs, a diverse clini- 
eal program, patient care, and research. Re- 
quirements include Board-certification in oto- 
laryngology with experience in trauma sur- 
gery. A strong background in research is desir- 
able. Tenure-accruing position. Academic ap- 
pointment at the instructor level. Application 
recruiting deadline is March 1, 1989. Antici- 
pated starting date is July 1, 1989. 

Applicants are invited to forward curriculum 
vitae and names and addresses of three references to: 
Bernard L. Morgan, MD, Chairman 
Otolaryngological Surgery Search Committee 
University Hospital of Jacksonville 
655 West 8th Street 
Jacksonville, FL 32209 


Affirmative Action/Equal Employment Opportunity Employer 
A382 
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POSITION 
AVAILABLE 


OTOLARYNGOLOGIST 


Busy practice looking for second 
Beard-certified/eligible otolaryngolo- 
gist to join 55-doctor multispecialty 
group located in suburb 20 minutes 
northwest of Milwaukee. Excellent sal- 
ary and fringe benefits. 


Send CV and letter of application to: 


Administrator 
PO Box 427 
Menomonee Falls, WI 53051 


ACADEMIC POSITION 
IN 
OTOLARYNGOLOGY— 
HEAD AND NECK 
SURGERY 


Assistant professor/instructor-level position 
available at the Mountain Home Veterans Ad- 
mimistration Medical Center and Quillen- 
Disaner College of Medicine at East Tennessee 
State University. Applicant must be Board- 
certified/eligible and must have documented 
teaching and clinical practice ability. Proven 
academic productivity is essential. 


Send application with a current 
curriculum vitae to: 
Louis Modica, MD 
112 D, Department of Surgery 
Veterans Administration Medical Center 
Mountain Home, TN 37684 
ETSU is an affirmative action/equal opportunity employ- 
er. Women and minorities are encouraged to apply. ETSU 


empbys only US citizens and aliens authorized to work in 
the United States. 
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LASER RESEARCH 
FELLOWSHIP 


Eleanor Naylor Dana 
Laser Research Laboratory 


Lahey Clinic Medical Center 


Hands-on training, laboratory research — new laser 
wavelengths and instrumentation, photodynamic 
therapy 
Qualifications: MD with specialty training in 
otolaryngology—head and neck surgery 


Stipend: $25,000 plus benefits 
Length of fellowship: 1 year 
Starting: January or July 1989 


Address correspondence to: 


Stanley M. Shapshay, MD 
Eleanor Naylor Dana Laser Research Laboratory 
Lahey Clinic Medical Center 
41 Mall Road 
Burlington, MA 01805 


CHIEF, DIVISION 
OF OTOLARYNGOLOGY 


The University of Florida is seeking an indi- 
vidual to be Chief, Division of Otolaryngol- 
ogy, at its major teaching unit in the Universi- 
ty Hospital of Jacksonville. Responsibilities in- 
volve teaching of undergraduate and graduate 
education programs, a diverse clinical pro- 
gram, patient care, and research. Require- 
ments include specialty Board-certification, 
with experience in trauma surgery. Academic 
appointment at the Assistant/ Associate Profes- 
sor to Professor level, a tenure-accruing posi- 
tion. Application recruiting deadline is March 
1, 1989. Anticipated starting date is July 1, 
1989. 


Applicants are invited to forward curriculum 
vitae and names and addresses of three references to: 
Bernard L. Morgan, MD, Chairman 
Otolaryngology Search Committee 
University Hospital of Jacksonville 
655 West 8th Street 
Jacksonville, FL 32209 


Affirmative Action/Equal Employment Opportunity Employer 
A383 
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FELLOWSHIP 
IN 
PEDIATRIC 
OTOLARYNGOLOGY 
AT THE 
JOHNS HOPKINS HOSPITAL 


Beginning in July 1990 


Address inquiries to: 


Robert Naclerio, MD 
Department of Otolaryngology 
600 N Wolfe Street 
Baltimore, MD 21205 
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ACADEMIC POSITION 


UNIVERSITY OF CONNECTICUT 
HEALTH CENTER 
SCHOOL OF MEDICINE 


The Division of Otolaryngology is seeking a full-time 
otolaryngologist with expertise in facial plastic surgery or 
pediatric otolaryngology. Academic rank commensurate with 
credentials. 


Qualifications include Board certification or eligibility in 
otolaryngology and eligibility for licensure in Connecticut. 
Respons bilities include patient care, teaching and research. 


Send curriculum vitae, publications list, and the names and 
addresses of five references to: 


Gerald Leonard, M.D., Chief 
Division of Otolaryngology/Head and Neck Surgery 
University of Connecticut Health Center 
Farmington, CT 06032 
(203) 679-3372 


Position will be open until filled 


The University of Connecticut Health Center is 
an Affirmative Action/Equal Opportunity Employer 





PHENYLPROPANOLAMINE HC) 75mg 
GUAIFENESIN 400 mg 
IN A SPECIAL BASE TO PROVIDE A PROLONGED 
THERAPEUTIC EFFECT 


OR 











eEntex 
LIQUID 


Each 5 ml (one teaspoontul) contains 


PHENYLEPHRINE HYDROCHLORIDE 5mg 
PHENYLPROPANOLAMINE HYDROCHLORIDE 20 mg 
GUAIFENESIN 100 mg 
ALCOHOL 5% 





Before prescribing or administering, 
see package circular for full product information. 
The following is a brief summary 





INDICATIONS AND USAGE: Entex is indicated tor the symptomatic reliet 
of sinusitis, bronchitis, pharyngitis. and coryza when these conditions are 
associated with nasal congestion and viscous mucus in the lower respiratory 
tract 

CONTRAINDICATIONS: Entex is contraindicated in individuals with 
KNOWN hypersensitivity to sympathomimetics, severe hypertension, or in 
patients receiving Monoamine oxidase inhibitors 

WARNINGS: Sympathomimetic amines should be used with caution in 
patients with hypertension, diabetes mellitus, heart disease. peripheral vas 
cular disease, increased intraocular pressure, hyperthyroidism, or prostatic 
hypertrophy 

PRECAUTIONS: Information for Patients: Do not crush or chew 
Entex LA tablets pr or to swallowing 

Drug Interactions: Entex should not be used in patients taking monoamine 
oxidase inhibitors or other sympathomimetics 

Drug/ Laboratory Test Interactions: Guaifenesin has been reported to 
interfere with clinical laboratory determinations of urinary 5-hydroxyindole- 
acetic acid (5-HIAA) and urinary vanillylmandelic acid (VMA) 

Pregnancy: Pregnancy Category C. Animal reproduction studies have not 
been conducted with Entex. It is also not known whether Entex can cause fetal 
harm when administered to a pregnant woman or can affect reproduction 
capacity Entex should be given to a pregnant woman only if clearly needed 
Nursing Mothers: It is not kaown whether the drugs in Entex are excreted in 
human milk Because many drugs are excreted in human milk and because of 
the potential for serious adverse reactions in nursing infants, a decision 
should be made whether to discontinue nursing or to discontinue the 
product, taking into account the importance of the drug to the mother 
Pediatric Use: Entex LA: Safety and effectiveness of Entex LA tablets in 
children below the age of 6 have not been established 

Entex Liquid: Safzty and effectiveness of Entex Liquid in children below the 
age of 2 have not been established 

ADVERSE REACTIONS: Possible adverse reactions include nervousness 
nsomnia, restlessness, headache, nausea or gastric irritation These reac- 
lions seldom, if ever, require discontinuation of therapy Urinary retention 
May occur in patients with prostatic hypertrophy 

OVERDOSAGE: The treatment of overdosage should provide symptomatic 
and Supportive cave. If the amount ingested is considered dangerous or 
excessive, induce vomiting with ipecac syrup unless the patient is convuls- 
ng. comatose, or has lost the gag reflex, in which case pertorm gastric lavage 
using a large-Dore tube. If indicated, follow with activated charcoal and a 
saline cathartic. Since the effects of Entex may last up to 12 hours. treatment 
should be continued for at least that length of time 

DOSAGE AND ADMINISTRATION: Entex LA: Adults and children 12 
years of age and older — one tablet twice daily (every 12 hours), children 6 to 
under 12 years — one-half (1⁄2) tablet twice daily (every 12 hours). Entex LA 
iS not recommended for children under 6 years of age. Tablets may be broken 
in half for ease of administration without a‘lecting release of medication but 
should not be crus ied or chewed prior to swallowing 

Entex Liquid: Ali dosage should be administered four times daily (every 


6 hours) 

Children: 

2 to under 4 years V2 teaspoonful (2.5 ml) 
4 to under 6 years 1 teaspoontul (5 0 ml) 
6 to under 12 years 114 leaspoontuls (7 5 ml) 


Adults and children 12 years of age and older: 

2 teaspoontuls (10.0 ml) 

HOW SUPPLIED: Entex LA is available as an orange. scored tablet coded 
with “ENTEX LA” on one side and "0149 0436" on the scored side. Entex 
Liquid is available as an orange-colored, oleasant-tasting liquid 

Entex LA 

NDC 0149-0436-01 bottle of 100 

NDC 0149-0436-05 bottle of 500 

Entex Liquid 

NDC 0149-0414-16 16 FL OZ (1 Pint) bottle 

CAUTION: Federa law prohibits dispensing without prescription 

REVISED JULY 1988 (Entex LA) 

REVISED SEPTEMBER 1985 (Entex Liquid! 


LQ-BSS/LA-BS10 


Norwich Eaton 


Norwich Eaton Pharmaceuticals. Inc 
Norwich. New York 13815-0231 
A Procter & Gamble Company 
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When a cold progresses to sinusitis, there’s one 
sure way patients can make matters even worse: 
drying antihistamines. In sinusitis, “Antihista- 
mines are not helpful and should not be used since 
they interfere with cilial function and lead to further 
mucous inspissation, unless an allergic etiology is 
certain.” “Supportive therapy to reduce intranasal 


Entex LA /E! 


PHENYLPROPANOL AMINE HCI 75mg 
GUAIFENESIN 400 mg 


IN A SPECIAL BASE TO PROVIDE A PROLONGED 
THERAPEUTIC EFFECT 





What antihistamines 
ean do to sinusitis isa 






edema and to promote sinus drainage and aeration 
includes...oral decongestants.” 

Good thing there’s ENTEX®. Exactly what sinusitis 
and bronchitis patients need: A decongestant — so 
breathing is easy again. A moisturizing expectorant 
—so tight chests can feel normal again. No 
antihistamines — so there’s no drying or drowsiness. 
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Each 5 ml (one teaspoontul comans: 

PHENYLEPHRINE HYDROCHLORID 5 
PHENYLPROPANOLAMINE HYDROCHLORIDE 20 
GUAIFENESIN 100 
ALCOHOL 5% 


Decongestion and drainage...without drying or drowsiness. 


Reference: 


Please see next page for brief summary of prescribing information. 
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BECONASE AQ 


(BECLOMETHASONE DIPROPIONATE, 
MONOHYDRATE) 
NASAL SPRAY 0042% 


Relief for rhinitis with _ 
less sting than flunisolide’ 


Percent of patients 
with nasal stinging 
and burning 






re) Beclomethasone dipropionate 
[aA aqueous nasal spray (n= 40) 
(oj 2 inhalations bid 


p <005 —Adapted from Bronsky et al. 


Moist relief for seasonal, perennial and vasomotor rhinitis 
CJ Indicated for patients 6 years of age and elder 


C Superior to terfenadine for the control of breakthrough symptoms on high 
pollen count days?* 


Convenient dosage to enhance compliance 
O 1or 2 sprays per nostril bid 


O No significant alterations of the nasal mucosal histology observed in up to 
12 years of experience with beclomethasone dipropionate? 


References: 
1. Bronsky EA, Tarpay M, Tinkelman DA, et al: A comparison of twodosing regimens of beclomethasone dipropionate 
aqueous nasal spray and flunisolide nasal spray in the treatment of acute seasonal rhinitis. Immunology and Allergy 
Practice 1987.9(5):11-16. 

2. Beswick KBJ, Kenyon GS, Cherry JR: A comparative study of beclomethasone dipropionate aqueous nasal spray 
with terfenadine tablets in seasonal allergic rhinitis. Curr Med ResOpin 1985;9(8):560-567. 
3. Data available upon request, Glaxo Inc. 


BECONASE AQ for rhinitis relief. 
What a comfort! 





*Calculated on the dried basis. 
tin two out of four measures of nasal symptoms, p <0.01. 
Please consult next page for Brief Summary of Prescribing Information. 
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(beclomethasone dipropionate, monohydrate) 


Nasal Spray, 0.042% * 
*Calculated on the dried basis SHAKE WELL 
For Intranasal Use Only BEFORE USE 


ea A aa 
The following ıs a brief summary only. Before prescribing, see complete prescrib- 
ing information in BECONASE AQ® Nasal Spray product labeling 


INDICATIONS AND USAGE: BECONASE AQ® Nasal Spray ıs indicated for the 
relief of the symptoms of seasonal or perennial allergic and nonallergic (vaso- 
motor) rhinitis 

BECONASE AQ Nasal Spray ıs also indicated for the prevention of recurrence of 
nasal polyps following surgical removal 


CONTRAINDICATIONS: Hypersensitivity to any of the ingredients of this prep- 
aration contraindicates its use 


WARNINGS: The replacement of a systemic corticosteroid with BECONASE AQ® 
Nasal Spray can be accompanied by signs of adrenal insufficiency 

Careful attention must be given when patients previously treated for prolonged 
periods with systemic corticosteroids are transferred to BECONASE AQ Nasal 
Spray. This ıs particularly important in those patients who have associated asthma 
or other clinical conditions where too rapid a decrease in systemic corticosteroids 
may Cause a severe exacerbation of their symptoms 

Studies have shown that the combined administration of alternate-day predni- 
sone systemic treatment and orally inhaled beclomethasone increases the likeli- 
hood of HPA suppression compared to a therapeutic dose of either one alone 
Therefore, BECONASE AQ Nasal Spray treatment should be used with caution in 
patients already on alternate-day prednisone regimens for any disease 

If recommended doses of intranasal beclomethasone are exceeded or if indi- 
viduals are particularly sensitive or predisposed by virtue of recent systemic ste- 
roid therapy, symptoms of hypercorticism may occur, including very rare cases of 
menstrual irregularities, acneiform lesions, and cushingoid features. If such 
changes occur, BECONASE AQ Nasal Spray should be discontinued slowly consis- 
tent with accepted procedures for discontinuing oral steroid therapy 


PRECAUTIONS: General: During withdrawal from oral steroids, some patients 
may experience symptoms of withdrawal, eg, joint and/or muscular pain, lassitude, 
and depression 

Rarely, immediate hypersensitivity reactions may occur after the intranasal 
administration of beclomethasone 

Extremely rare instances of wheezing, nasal septum perforation, and increased 
intraocular pressure have been reported following the intranasal application of 
aerosolized corticosteroids. Although these have not been observed in clinical 
trials with BECONASE AQ® Nasal Spray, vigilance should be maintained 

In clinical studies with beclomethasone dipropionate administered intranasally, 
the development of localized infections of the nose and pharynx with Candida 
albicans has occurred only rarely. When such an infection develops, it may require 
treatment with appropriate local therapy or discontinuation of treatment with 
BECONASE AQ Nasal Spray 

if persistent nasopharyngeal irritation occurs, it may be an indication for stop- 
ping BECONASE AQ Nasal Spray 

Beclomethasone dipropionate is absorbed into the circulation. Use of excessive 
doses of BECONASE AQ Nasa! Spray may suppress HPA function 

BECONASE AQ Nasal Spray should be used with caution, if at all, in patients 
with active or quiescent tuberculous infections of the respiratory tract; untreated 
fungal, bacterial, or systemic viral infections; or ocular herpes simplex 

For BECONASE AQ Nasal Spray to be effective in the treatment of nasal polyps, 
the spray must be able to enter the nose. Therefore, treatment of nasal polyps with 
BECONASE AQ Nasal Spray should be considered adjunctive therapy to surgical 
removal and/or the use of other medications that will permit effective penetration 
of BECONASE AQ Nasal Spray into the nose. Nasal polyps may recur after any form 
of treatment 

As with any long-term treatment, patients using BECONASE AQ Nasal Spray 
over several months or longer should be examined periodically for possible 
changes in the nasal mucosa 

Because of the inhibitory effect of corticosteroids on wound healing, patients 
who have experienced recent nasal septal ulcers, nasal surgery, or trauma should 
not use a nasal corticosteroid until healing has occurred 

Although systemic effects have been minimal with recommended doses, this 
potential increases with excessive doses. Therefore, larger than recommended 
doses should be avoided 


Information for Patients: Patients being treated with BECONASE AQ Nasal Spray 
should receive the following information and instructions. This information is 
intended to aid in the safe and effective use of medication. It is not a disclosure of 
all possible adverse or intended effects. Patients should use BECONASE AQ Nasal 
Spray at regular intervals since its effectiveness depends on its regular use. The 
patient should take the medication as directed. It is not acutely effective, and the 
prescribed dosage should not be increased. Instead, nasal vasoconstrictors or oral 
antihistamines may be needed until the effects of BECONASE AQ Nasal Spray are 
fully manifested. One to two weeks may pass before full relief is obtained. The 
patient should contact the doctor if symptoms do not improve, or if the condition 
worsens, or if sneezing or nasal irritation occurs. For the proper use of the unit and 
to attain maximum improvement, the patient should read and follow the accom- 
Panying patient's instructions carefully 


Carcinogenesis, Mutagenesis, impairment of Fertility: Treatment of rats tor a total 

of 95 weeks, 13 weeks by inhalation and 82 weeks by the oral route, resulted in 

no evidence of carcinogenic activity. Mutagenic studies have not been performed 
Impairment of fertility, as evidenced by inhibition of the estrous cycle in dogs, 

was observed following treatment by the oral route. No inhibition of the estrous 

cycle in dogs was seen following treatment with beclomethasone dipropionate by 

the inhalation route 


Pregnancy: Jeratogenic Effects: Pregnancy Category C: Like other corticoids, 
parenteral (subcutaneous) beclomethasone dipropionate has been shown to be 
teratogenic and embryocidal in the mouse and rabbit when given in doses 
approximately ten times the human dose. In these studies. beclomethasone was 
found to produce fetal resorption, cleft palate, agnathia, microstorma, absence of 
tongue. delayed ossification, and agenesis of the thymus. No teratogenic or 
embryocidal effects have been seen in the rat when beclomethasone dipropionate 
was administered by inhalation at ten times the human dose or orally at 1,000 
times the human dose. There are no adequate and well-controlled studies in preg- 
nant women. Beclomethasone dipropionate should be used during pregnancy only 
if the potential benefit justifies the potential risk to the fetus 


Nonteratogenic Effects: Hypoadrenalism may occur in infants born of mothers 
recerving corticosteroids during pregnancy. Such infants should be carefully 
observed 


Nursing Mothers: It is not known whether beclomethasone dipropionate is 
excreted in human milk. Because other corticosteroids are excreted in human milk. 
Caution should be exercised when BECONASE AQ Nasal Spray is administered to 
nursing women 


Pediatric Use: Safety and effectiveness in children below 6 years of age have not 
been established 


ADVERSE REACTIONS: In general. side effects in clinical studies have been 
primarily associated with irritation of the nasal mucous membranes. Rarely, 
immediate hypersensitivity reactions may occur after the intranasal administration 
of beclomethasone 

Adverse reactions reported in controlled clinical trials and open studies in 
patients treated with BECONASE AQ® Nasal Spray are described below 

Mild nasopharyngeal irritation following the use of beclomethasone aqueous 
nasal spray has been reported in up to 24% of patients treated, including occasional 
sneezing attacks (about 4%) occurring immediately following use of the inhaler. In 
patients experiencing these symptoms, none had to discontinue treatment. The 
incidence of transient irritation and sneezing was approximately the same in the 
group of patients who received placebo in these studies, implying that these 
complaints may be related to vehicle components of the formulation 

Fewer than 5 per 100 patients reported headache, nausea, or lightheadedness 
following the use of BECONASE AQ Nasal Spray. Fewer than 3 per 100 patients 
reported nasal stuffiness, nosebleeds, rhinorrhea. or tearing eyes 

Extremely rare instances of wheezing, nasal septum perforation, and increased 
intraocular pressure have been reported following the intranasal administration of 
aerosolized corticosteroids (see PRECAUTIONS) 


OVERDOSAGE: Intormation concerning possible overdosage and its treatment 
appears in the full prescribing information 
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Transtracheal 
Oxygen 


Therapy 
Workshops 


Comprehensive 
“How To Workshops” 


in six different 
available locations: 


Tampa © Los Angeles 
Keystone Ski Resort @ Denver 


Chicago @ New York 


Each participant will receive: 


(2) Video tapes 

- Clinician Instruction 

- Patient Education 
Patient Workbook and Guide 
Patient Charts and Master Forms 
Complete Procedure Manual 


Sponsored by: 


The Institute for Transtracheal 
Oxygen Therapy 


For more information 
write or call: 


1721 East 19th Ave., Suite 102 
Denver, Colorado 80218 
(303) 839-6103 
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PRECISION 


The NEW Montgomery® NS1000 Nerve Stimulator System combines 
reliability and precision in an easy-to-use motor nerve mapping instrument. 


The NS1000 System is an accurate, AC-powered, unipolar type faradic 
stimulator which features a large, easy-to-read voltage meter and visual output 
light indicator to keep the surgeon informed of output status. 


Ease of manipulation is unsurpassed, thanks to the creation of a streamlined 
probe handle and electrode. 


The NS1000 System — all the features you want in a nerve stimulator — 
without the high price of unnecessary “‘bells and whistles”. 


Please call our toll-free number for more information. 
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SeeTGOMERY® Nerve 
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Stimulator 
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Boston Medical Products, Inc. 
87 Rumford Ave., Waltham, MA 02154 


(617) 894-8844 (in Mass) 





ANNALS OF OTOLOGY, RHINOLOGY & LARYNGOLOGY 


ANNALS OF HEAD & NECK MEDICINE & SURGERY 


VOLUME 97 NOVEMBER-DECEMBER 1988 NUMBER 6 





CONTENTS 


PART 1 
Papers Presented at the Meeting of the American Otological Society, Inc 


Vestibular Atelectasis 
Saumil N. Merchant, MD; Harold F. Schuknecht, MID .............. 0. cece cee eee e ees 


Selective Lesions of the Vestibular Labyrinth 
Robert S. Kimura, PhD; Nancy A. Iverson; Rebecca E. Southard ............--0. 0s eee ee. 


Osteogenesis Imperfecta of the Temporal Bone and Its Relation to Otosclerosis 
Comoe T. Nace, MD .6scciccsvdneewse end ati gad Oho ye nia hoes thee Nee eis RA 


Magnetic Resonance Imaging of the Posterior Cranial Fossa 
Galdino E. Valvassori, MD: Mariano Guzman, MIB >. o..5 sds acs ened esse tirer eritiia t 


Differential Clinical and Radiographic Features of Cholesterol Granulomas 
and Cholesteatomas of the Petrous Apex 
Peter G. Smith, MD, PhD; John P. Leonetti, MD; G. Robert Kletzker, MD ................. 


Adenomas of the Temporal Bone 
Thanas L: Eby, MD; Mito S. Makek, MD: Ugo Pista, MD 2 icc etic gercisiccvns sy stueenwn 


Superselective Embolization of Glomus Jugulare Tumors 
Nancy M. Young, MD; Richard J. Wiet, MD, FACS; Eric J. Russell, MD; 
eri nee MDO PL) eiii seo anh bee ARERR Oe eOe RANE aS TKO ETRE 


Anatomic Considerations in the Posterior Approach to the Internal Auditory Canal 
Peter S. Roland, MD; William L. Meyerhoff, MD, PhD; Charles G. Wright, PhD; 
a Cn. Le ee ee ere ere rer reer er ere re see 


Preservation of Hearing in Acoustic Tumor Surgery: Audiologic Indicators 
Anne Forrest Josey, MS; Michael E. Glasscock III, MD; C. Gary Jackson, MD............... 


Gamma Knife: An Alternative Treatment for Acoustic Neurinomas 
Donald B. Kamerer, MD; L. Dade Lunsford, MD; Margareta Møller, MD, DMSc........... 


Otologic Disease in Patients With Acquired Immunodeficiency Syndrome 
Darius Kohan, MD; Stephen G. Rothstein, MD; Noel L. Cohen, MD ...................4.. 


Major Congenital Ear Malformations: Surgical Management and Results 
Pad R, Tiere: MD ccs cds nswndadcwk ay Reae erent a cee seein e oh eneorheeeceotes 


Middle Ear Implantable Hearing Device: Ongoing Animal and Human Evaluation 
Jack Hough, MD; Kenneth J. Dormer, PhD; R. Stan Baker, MD; 
Mary Malkia, PhD; Tom Himeliolk, MA coos. bdaghie's <i 255e) habe eee e eee ds esa wees Saeed 


Incidence of Cholesteatoma With Cleft Palate 
Steves: Daminwuez, MD: Lee A. Harker, MD is desc cscciaaceeewsedg pas tore wi ony nee wos 


Osteoclasts in Chronic Otitis Media, Cholesteatoma, and Otosclerosis 
Pokan A Cg, MD PA os cceccddcsiexesdcathwitdspeewceseetabedyya es hbepeteateecks 


Surgical Treatment of Cholesteatoma: The Role of Staging in Closed Operations 
Goron TA. Le Sah. BD PRGS in ewd sc oseades ples sk tap pede Ghee see Sere ENN yet ees 


Reconstructive Techniques for Tympanosclerosis 
AA TSA Ee BO ha 5 6-5 Sl E CR ARR 4 cee E Lee Eee eR ae ee LATS 


594 


6a Contents 


Otologic Complications Following Temporomandibular Joint Arthroscopy 
Edward L. Applebaum, MD; Lawrence F. Berg, MD; Arvind Kumar, MD; 
Mahmood F. Mallee. MD crrr dashes e00 ces ae se ee end Eee OES Cee Hees ere ENE 675 


Respiratory Activity of the Cricothyroid Muscle 
Oommen P. Mathew, MD; Franca B. Sant’Ambrogio, PhD, DNSc; 
Gayle E. Woodson, MD; Giuseppe Sant Ambrogio, MD ........ +--+. s 0s seer rere erences 680 


Imaging Case Study of the Month. Somatosensory Evoked Potentials in Degenerative 
Cervical Spine Disease 
Mark Mandell-Brown, MD; Egbert J. de Vries, MD; Jonas T. Johnson, MD; 


Marvia Bennett. PhO s4.c ick boone hoe dee ia ews brs Hee edie sh cae ss Hee etka EN eee sed eee NY 688 
Pathology Consultation. Malignant Rhabdoid Tumor 

John G. Batsakis, MD; John T. Manning, MD .......... 0... s eee e erent tenet eens 690 
Book Tudons ole os oda yy ya peal CRA RED SORE RS SPSS AAARSSERESRENDSI ERE DDE TA AERIS SERS 692 
Acknowledgment of Reviewers ...... 6.0.0. ccee sees ee se eee ee eens e sete eeeeer een neneeeneenees 693 
Annual Index 

ee eee ere rer re rer rer ee Te re ee ee ce ,...697 

Tee nT errr ereweerer rr tire Sere. eee EE a ae 699 
te ee gay oi cee R Pere eT ree eee ek E EEEE 18a 
Vscdrristiane tb Aah co cud 65-454 R Ee SK aS dex PARSE RGR ETR GG SSHE AIEEE SNE R EHR Oe S58 19a 
hida ia A 2) ios eke oak 4 Ee REE ETERS Ee e PREG AGRE HENS E HEROD REEL ETS SO A EOE ES 24a 

PART 2 


Electromagnetic Implantable Middle Ear Hearing Device of the Ossicular-Stimulating 
Type: Principles, Designs, and Experiments 
Anthony J. Maniglia, MD; Wen H. Ko, PhD; Ron X. Zhang, EE; 
Sanford R. Dolgin, MD; Mary L. Rosenbaum, MA; 
Frederick W. Montague, Jr, MS ........ 0. cece ence eee eee e nett teen ene eeeenes Supplement 136 


Etiology and Pathophysiology of Bell’s Palsy 
Naoaki Yanagihara, MD, Editor ........... 6-555 cede eeeee sete ee ene ee ee nete eee Supplement 137 


Buffered Otic Suspension 


NEOMYCIN SULFATE, POLYMYXI@ 3 SULFATE & 
HYDROCORTISONE OTIC SUSPENSION (STERILE) 


A safe, effective alternative therapy for Otitis Externa. 


NEORI YEA pg ‘ 
MDs fè 
Oc one E7 
lsa 
£ 


VAF y A 
O 
Teng suset wane FATE 
Dey 


/ Unique buffering agent 
helps reduce the potential 
for stinging and burning. 


Otitis externa is a common 
ailment—the recommendec 
therapy generally included i 
Sterile antimicrodial/anti- 
inflammatory Suspension. 
Burning and stinging are- 
common side effects with 
this treatment. The unique, 
buffered formulations of 
Otofair-B were specifically - 
developed to help reduce 
the potential for stinging or 
burning. 


SPERSION 


Send for your 
| Diafair- -B Free Sample 


WEWN Sutra, porvmyxin a SUUN à ý 1 
4 Monee AE. P onc su i" ie l Request Kit. 
; (STERILE) 3 D . eggs ‘ 
; <n = = rA ' F "4 LJ I'd like to try Otofair-B to help reduce 
ured by PHARMA 3 ai burning & stinging. Please send a Free 
Sample Request Kit to: 


| PHARMAFAIR inc. 


NO Kennedy Drive s Hauppauge, New York 1788 
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Buffered Otic Suspension 


NEOMYCIN SULFATE, POLYMYXIN B SULFATE & 
HYDROCORTISONE OTIC SUSPENSION (STERILE) 

DESCRIPTION: Neomycin Sulfate, Polymyxin B Sulfate and Hydrocortisone Otic Suspension 
IS a Sterile antimicrobial anti-inflammatory suspension formulated for otic use 

Neomycin Sulfate is the sulfate salt of Neomycin B and C which are produced by the 
growth of Streptomyces fradiae (Fam. Streptomycetaceae). It has a potency equivalent to 
not less than 600 micrograms of Neomycin base per milligram, calculated on an anhydrous 
basis. The structural formulae are 





neomyon BA: H 
neomyon CR! CH NH a2 * 

Polymyxin B Sulfate is the sulfate salt of Polymyxin By and Bo which are produced by the 
growth of Bacillus Polymyxa (Prazmowski) Miguia [Fam Bacillaceae). It has a potency of not 
less than 6.000 Polymyxin B units per milligram, catculated on an anhydrous basis The 
structura! formulae are 


o 
’ 
L OAB | THR, OAB CR 4 SO. 


L DAB | DAB) THA | DAÐ L DAB O PHE- teu j 


DAR 24 damnobutyne scnd 
Porya b a 3 methyinepiy 
Poiymyan @ A 5 metnyinenty: 


Hydrocortisone is an anti-inflammatory steroid l 
Its structural formula is indicated here 





Contents: Each mi of the suspension contains Neomycin Sulfate equivalent to 3.5 mg 
Neomycin base, Polymyxin B Sulfate 10,000 units, Hydrocortisone 10 mg (1%) in a vehicle 
containing the inactive ingredients Cety! Alcohol, Polyoxy! 40 Stearate, Polysorbate 80 
Propylene Glycol, Benzalkonium Chioride 0.01% (preservative), Acetic Acid. Sodium 
Acetate and Purified Water 

CLINICAL PHARMACOLOGY: Hydrocortisone, the naturally occurring adrenal 
corticosteroid, affords antialiergic, antipruritic and anti-inflammatory activity. Polymyxin B 
Sulfate is one of a group of closely related substances produced by various strains of 
Bacillus polymyxa. Its activity is sharply restricted to gram-negative bacteria, including 
many strains of PSeudomonas aeruginosa. 

Neomycin, isolated from Streptomyces fradiae, has antibacterial activity in vitro against a 
wide range of gram-negative and gram-positive organisms, with effectiveness against many 
Strains of Proteus 
INDICATIONS AND USAGE: For the treatment of superficial bacterial infections of the 
external auditory canal caused by organisms susceptible to the action of the antibiotics and 
for the treatment of infections of mastoidectomy and fenestration cavities caused by 
organisms susceptible to the antibiotics 


CONTRAINDICATIONS: This product is contraindicated in those persons who have shown 
hypersensitivity to any of its components. and in herpes simplex, vaccinia and varicella 
Perforated tympanic membrane is considered a contraindication to the use of any 
medication in the external ear canal 
WARNINGS: As with other antibiotic preparations. prolonged treatment may result in 
overgrowth of nonsusceptible organisms and tungi Discontinue promptly if sensitization or 
irritation occurs 

If the infection is not improved after one week. cultures and susceptibility tests should be 
repeated to verify the identity of the organism and to determine whether therapy should be 
changed. When using Neomycin-containing products to contro! secondary infection in the 
chronic dermatoses, such as chronic otitis externa, it should be borne in mind that the skin in 
these conditions is more liable than is normal skin to become sensitized to many substances 
including neomycin. The manifestations of sensitization to neomycin is usually a low grade 
reddening with swelling, dry scaling and itching; it may be manifest simply as a failure to 
heal. During long term use of neomycin-containing product, periodic examination for such 
signs is advisable and the patient should be told to discontinue the product if they are 
Observed. These symptoms regress quickly on withdrawing the medication. Neomycin- 
containing applications should be avoided for the patient thereafter 
PRECAUTIONS: |f sensitization or irritation occurs, medication should be discontinued 
promptly 

This drug should be used with care in cases of perforated eardrum and in longstanding 
cases of chronic otitis medis because of the possibility of ototoxicity caused by neomycin 

Patients who prefer to warm the medication before using should be cautioned against 
heating the solution above body temperature, in order to avoid loss of potency 

Treatment should not be continued for longer than ten days. Allergic cross reactions may 
occur which could prevent the use of all the following antibiotics for the treatment of tuture 
infections: Kanamycin, paromomycin, streptomycin, and possibly gentamicin 
ADVERSE REACTIONS: Neomycin is a not uncommon cutaneous sensitizer There are 
articles in the current literature that indicate an increase in the prevalence of persons 
sensitive to neomycin 
DOSAGE AND ADMINISTRATION: The external auditory canal should be thoroughly 
cleansed and dried with a sterile cotton applicator. For adults. 4 drops of the suspension 
should be instilled into the affected ear 3 to 4 times daily For infants and children, 3 drops 
are suggested because of the smaller capacity of the ear canal. The patient should lie with 
the affected ear upward and then the drops should be instilled. This position should be 
maintained for 5 minutes to facilitate penetration of the drops into the ear canal. Repeat for 
the opposite ear 

If preferred. a cotton wick may be inserted into the canal and then the cotton may be 
saturated every four hours. The wick should be replaced at least once every 24 hours 

The patient should be instructed to avoid contaminating the dropper with materia! from 
the ear. fingers, or other sources. This caution is necessary if the sterility of the drops is to be 


eee SHAKE WELL BEFORE USING 

HOW SUPPLIED: Bottle of 10 mi! (with sterile dropper) 

STORAGE: Store at Controlled Room Temperature 15°-30°C (59°-86°F) 

CAUTION: Federal Law prohibits dispensing without prescription 
Manufactured bv PHARMAFAIR INA Hainnaiune NY 11788 


OTOLARYNGOLOGIST 
NEEDED 


SYRACUSE, NEW YORK 


Three-member group seeking associate for 
immediate opening. Active medical and 
surgical private practice affiliated with su- 
perb residency teaching program. Unsur- 
passed all-season life-style opportunities in 
the beautiful Finger Lakes region. Com- 
petitive compensation with incentive and 
excellent benefits. 


Please contact: 


Daniel D. Rabuzzi, MD 
1100 East Genesee Street 
Syracuse, NY 13210 
(315) 476-3124 





OTOLARYNGOLOGIST 


The Northeast Permanente Medical Group 
(NPMG) is seeking Board-certified/eligible 
otolaryngologists to join their medical pro- 
gram in the Hartford area. 


NPMG is a large multispecialty group practice 
structured as a professional corporation. We 
are the exclusive provider of health care ser- 
vices for the Kaiser Foundation Health Plan, 
Inc. These opportunities offer: 


Competitive salary and benefit programs 
Membership in an 87-physician group 


Rapidly growing, prepaid membership 
(currently at 100,000 members) 


An environment that encourages innova- 
tive approaches to health care delivery 


Group-paid full-coverage malpractice in- 
surance 


Send inquiry and curriculum vitae to: 


Merwood M. Jones, MD 
Physician-in-Chief 
NPMG Regional Offices 
60 Washington Street, Suite 401 
Hartford, CT 06106 


An Equal Opportunity/Affirmative Action Employer 














THE MATERIAL...POLYCEL 


Thermo-Fusion Formed porous UHMW Polyethylene (ASTM F-754) 
developed to promote fibrous tissue connection. By design, 
Thermo-Fusion Formed POLYCEL implants exhibit smooth 
even surfaces and uniform porosity throughout." 


*400X Scanning 
Electromicrograph 
of POLYCEL surface. 





Its biomechanical properties allow easy con- 
touring or shaping to craft the necessary 
fit. The unique POLYCEL Thermo-Fusion 
Forming process permits the combining 
of biomaterials in a one piece device 
to utilize *o best advantage the i 
biomechanical features of h i an i 
the composite materials. a | 
i 3 } 
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| ‘THE DESIGNS... 
FOR THE APPLICATION 


Working diligently with leading otologists, 

Treace Medical, Inc. produces over thirty dif- 
ferent POLYCEL implant designs to meet the variety 
of implant applications necessary in ossicular recon- 
struction. Each POLYCEL implant may be easily altered 
ar shaped to achieve the optimum fit. Among the 
designs originated and perfected by you, the 
surgeon, are malleus to stapes, malleus to foot- 
plate, partial and total ossicular replacements. 


Fisch Spandrel Il TOTAL wiShoe No. 6295 





POLYCEL M/FP No. 6340 
Brackmann Modified TOTAL No. 6303 
Moretz Solid Shaft Peg-Top TOTAL wiShoe No. 6379 
Sheehy ?.0.P. No. 6362 
Moretz Malleus Strut, Short, Angled No. 6296 


® POLYCEL is a registered trademark of Treace Medical, Inc. 


® 


== = Treace Medical, Inc. 
| 3955 Vantech Drive Memphis, TN 38115 U.S.A. | 
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LARYNGOSCOPE 


The official journal of the 
American Laryngological, Rhinological 
and Otological Society, Inc. 


... Recognized as a leading medical jour- 
nal for clinical and research contributions 
in otolaryngology, head and neck medi- 
cine and surgery, facial plastic and recon- 
structive surgery, broncho-esophagology, 
maxillofacial surgery, communicative 
disorders, otology and otoneurology. 


|_| YES! Send me a one-year (12 issues) 
subscription to the LARYNGOSCOPE. 
Begin with issue. 


Subscription rates: 

| | United States $90 

|_| Foreign $110 

| | Resident's Rate Half-price 








Name == please print 
Street — 
City 

Stale... #ZIPCode Country 


Mail to: LARYNGOSCOPE 
9216 Clayton Rd. 
St. Louis, MO 63124-1561 








OTOLARYNGOLOGIST 
NEEDED IN 
CONNECTICUT 








Board-certified or Board-eligible otolaryngol- 
ogist is needed to establish an ENT practice 
near a progressive, well-equipped and well- 
staffed community hospital serving a popula- 
tion of 35,000 people in northwestern Connec- 
ticut and eastern Dutchess County, New York. 
Financial assistance is available. 










Send CV to: 


David R. Kurish, MD 
Chairman, Recruitment Committee 





Sharon Hospital 
Sharon, CT 06069 













Marshfield Clinic Department of Otolaryn- 
gology - Head and Neck Surgery is seeking 
a fifth BE/BC Otolaryngologist to join its 
expanding practice. Marshfield Clinic is a 
270 physician multispecialty private group 
practice located in a unique rural setting in 
Central Wisconsin. The Clinic, physically 
adjacent to a 524 bed acute care teaching 
hospital, serves as a majorsecondary and 
tertiary referral center for Wisconsin and the 
Upper Peninsula. A University of Wisconsin 
Medical School affiliation, Residency Pro- 
grams, and Medical Research Foundation 
contribute to a very stimulating environ- 
ment. Send curriculum vitae and references 
to: 













Victor Ejercito, M.D. 
Department of Otolaryngology 










1000 North Oak Avenue 
Marshfield, W! 54449 
or call collect at (715) 387-5245 


Marshfield Clinic 


















Tavist-D 


(clemastine fumarate, 1.34 mg, 
oan HCI, 75 mg) Tablets 


The #1 Prescribed 


antihistamine/decongestant tablet’ 


Tavist-D controls the symptoms of 
allergic rhinitis that cause discomfort to 
your patients: sneezing, runny nose, itchy, 
watery eyes. 

And, ‘lavist-D contains a decor gestant 
that clears nasal passages, something a plain 
antihistamine alone can’t do. 

Day and night the b.1.d. dosaze regi- 
men allows your patients to get relief 12 
hours long. 

Prescribing Tavist-D has gone from a 
common occurrence to a frequent event. 
Since 1983 the number of yearly prescrip- 
tions has more than tripled, making it the 
#1 prescribed antihistamine/decongestant 
tablet. 

But of course, there’s an exp.anation 
for all this: 

It works. 





t-D Ta biets 


(clemastine fumarate, 1.34 mg, phenylpropanolami: e HCI, 75 m 


for a clear head 





*Standard industry prescription audits. Data on file, Sandoz Pharmaceuttwals Corporation. 


TAD-888-1 
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TAVIST-D° 


(clemastine fumarate, USP 
phenylpropanolamine HCI, USP) TABLETS 


INDICATIONS AND USAGE: Tavist-D® (clemastine fuma- 
rate/phenylpropanolamine HCI) Tablets are indicated for 
the relief of symptoms associated with allergic rhinitis such 
as sneezing, rhinorrhea, pruritus of the eyes, nose or 
throat, lacrimation and nasal congestion. 
CONTRAINDICATIONS: Tavist-D® (clemastine fumarate/ 
phenylpropanolamine HCl) Tablets are contraindicated in 
patients hypersensitive to any of the components 
Antihistamines should not be used in newborn or prema- 
ture infants or in nursing mothers. Antihistamines should 
not be used to treat lower respiratory tract symptoms 
including asthma. Tavist-D® (clemastine fumarate/pheny|- 
propanolamine HCI) Tablets are contraindicated in 
patients receiving monoamine oxidase inhibitors (see 
PRECAUTIONS — Drug Interactions) and in patients with 
severe hypertension or severe coronary artery disease 
WARNINGS: Antihistamines such as clemastine fumarate 
should be used with considerable caution in patients with 
narrow angle glaucoma, stenosing peptic ulcer, pyloro- 
duodenal obstruction, symptomatic prostatic hypertrophy, 
and bladder neck obstruction. Sympathomimetic drugs 
such as phenylpropanolamine hydrochloride should be 
used with caution in hypertension, cardiovascular disease, 
diabetes mellitus, and uncontrolled hyperthyroidism. 

Use with CNS Depressants: Antihistamines have 
additive effects with alcohol and other CNS depressants 
(hypnotics, sedatives, tranquilizers, etc.). 

Use in Activities Requiring Mental Alertness: 
Patients should be warned about engaging in activities 
requiring mental alertness such as driving a car or 
operating appliances, machinery, etc 

Use in the Elderly (approximately 60 years or older): 
Antihistamines are more likely to cause dizziness, sedation 
and hypotension in elderly patients. Overdosages of sym- 
pathomimetics in this age group may cause hallucinations, 
convulsions, CNS depression and death in elderly 
patients. 

Use in Children: Safety and effectiveness of Tavist-D® 
(clemastine fumarate/phenylpropanolamine HCI) have not 
been established in children under the age of 12. In infants 
and children, especially, antihistamines in overdosage 
may cause hallucinations, convulsions or death. As in 
adults, antihistamines may diminish mental alertness, but 
they may also produce excitation, particularly in young 
children 
ADVERSE REACTIONS: Antihistaminic Compounds: 
It should be noted that the following reactions have 
occurred with one or more antihistamines and, therefore, 
should be kept in mind when prescribing drugs belonging 
to this class, including clemastine fumarate. The most 
frequent adverse reactions reported with clemastine 
fumarate are underlined. 

. General: Urticaria, drug rash, anaphylactic shock, 
photosensitivity, excessive perspiration, chills, dryness 
of mouth, nose and throat. 

2. Cardiovascular System: Hypotension, headache, 

palpitations, tachycardia, extrasystoles. 

3. Hematologic System: Hemolytic anemia, thrombocy- 
topenia, agranulocytosis. 

4. Nervous System: Sedation, sleepiness, dizziness, 
disturbed coordination, fatigue, confusion, restless- 
ness, excitation, nervousness, tremor, irritability, 
insomnia, euphoria, paresthesias, blurred vision, 
diplopia, vertigo, tinnitus, acute labyrinthitis, hysteria, 
neuritis, Convulsions 

5. Gastrointestinal System: Epigastric distress, anorexia, 
nausea, vomiting, diarrhea, constipation. 

6. Genitourinary System: Urinary frequency, difficult 
urination, urinary retention, early menses. 

7. Respiratory System: Thickening of bronchial secre- 
tions, tightness of chest and wheezing, nasal stuffiness 

Sympathomimetic Compounds: Nervous System: At 

higher doses may cause drowsiness, dizziness, nervous- 

ness, or sleeplessness, and especially in children may 

Cause excitability Phenylpropanolamine hydrochloride 

may cause elevated blood pressure and tachyarrhyth- 

mias, especially in hyperthyroid patients. 

DOSAGE AND ADMINISTRATION: Adults and children 

twelve years and over: One tablet swallowed whole every 

twelve hours. 

HOW SUPPLIED: Tavist-D® (clemastine fumarate/ 

phenylpropanolamine HCI) Tablets: Containing 134 mg 

clemastine fumarate (equivalent to 1 mg of the free base) 
and 75 mg phenylpropanolamine hydrochloride. White, 
round film-coated multiple compressed tablet, embossed 

“TAVIST-D" on one side and "78-221" on the other 

Packages of 100 (NDC 0078-0221 -05) 

[TAD-Z4 APRIL 15, 1986] 
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SCHOLASTIC AWARD 


The American Society for Head and Neck Surgery is 
pleased to announce two $1,000 prizes for the best 
papers submitted in the fields of clinical and basic 
science research as pertains to head and neck surgery 
written by a resident or fellow who is currently in 
training. The winning manuscripts will be pre- 
sented at the annual meeting of the Society, April 
5-6, 1989, in San Francisco. 


Five copies of a 250-word abstract must be received 
by January 4, 1989. The abstract should not be iden- 
tifiable by author or institution; a cover letter with 
the title of the manuscript and author(s) should be 
sent to: 


W. Fred McGuirt, MD 
Bowman Gray School of Medicine 
300 S Hawthorne Road 
Winston-Salem, NC 27103 


Finalists will be invited to submit the full manu- 


script by February 1, 1989. A388 


The Voice Foundation 


EIGHTEENTH ANNUAL SYMPOSIUM: 
CARE OF THE PROFESSIONAL VOICE 
to be held at 
THE MANHATTAN SCHOOL OF MUSIC 
Morningside Heights 
New York City 
the week of June 4—9, 1989 
in association with 
Jefferson Medical College 
New York Medical College 
Teachers College at Columbia University 
and the 


Vocal Dynamics Laboratory of Lenox Hill Hospital 


Wilbur James Gould, M.D., and 
Robert Thayer Sataloff, M.D., D.M.A., Co-Chairmen 


For further information, call or write 
The Voice Foundation 
40 West 57th Street, Rm. 300 
New York, NY 10019 
(212) 581-2530 





HOUSE EAR INSTITUTE 
TEMPORAL BONE SURGICAL DISSECTION COURSES — 1989 


Intensive One Week Courses (CME 53 hrs.) 


Hand pieces, burrs and basic equipmentaré provided. 


Tke course is designed for the practicing otolaryngologist and senior resident in training, 
with special emphasis on the common problems encountered in daily practice. 
$e j ted participantsidissect.temporal,bones/and observe selected telecastsof live 
and ecited tapes. Evening lectures and films demonstrate the techniques of temporal bone 
surgery as practiced by the members of the Otologic Medical Group, Inc. 


® 


January 8-13, 1989 April 30-May 5, 1989 October 22-27, 1989 
February 12-17, 1989 © May 21-26, 1989 Noveniber 12-17, 1989 
March 12-17, 1989 July 9-14, 1989 December 10-15, 1989 
April 9-14, 1989 October 1-6, 1989 | 


Physicians $975.00 Residents $775.00 


Antonio De la Cruz, M.D., Director of Education 
House Ear Institute * 256 South Lake Street, Los Angeles, California 90057 • (213) 483-4431 


MONTHLY— STARTING JANUARY 1989 


ANNUAL SUBSCRIPTION RATES 


US FOREIGN 
INSTITUTIONS $120 $140 
INDIVIDUALS* 80 100 
RESIDENTS/STUDENTS* 48 60 


*Individual, resident, and student subscriptions must 
be in the individual’s name and must be billed to and 
paid for by the individual. 





NEW SUBSCRIBERS WILL RECEIVE 2 ISSUES 
FREE WITH PAID SUBSCRIPTION 


ANNALS PUBLISHING COMPANY 
4507 Laclede Avenue 
St Louis, Missouri 63108 
(314) 367-4987 
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Hood 4 
tracheobronchial 
T-Y stent 


Restores airway patency in 
Obstructions from burns, 
tumors, external compression. 


e Ensures safe, effective relief for months 
in distal trachea, carina, main bronchi 


e Permits healing, prevents desiccation 
e Surgical-grade, radiopaque silicone 
Flexible, comfortable, non-reactive to tissue 


e Y angle anatomically designed to 
fit typical carina 


Patent Pending 





Two views of stent with 10mm Outside Diameter and 20° angle in T-stem. 





100% quality assured from Hood Labora- 
tories, the original manufacturer of T-tubes, 
Esophageal Bypass and Reconstruction 
Tubes, Laryngeal Stents and Keels, 

and custom prostheses for over 20 years. 


a ee ee ee ee ee ee ee ee ee 
575 Washington St. Pembroke, MA 02359 USA i 


617-826-7573 Telex: 853466 WU 
fy HOOD — 
‘ull 

Rush the Hood product catalog to: 
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FOURTH ASEAN 
OTORHINOLARYNGOLOGICAL 
HEAD AND NECK CONGRESS 


APRIL 6-9, 1989 
SINGAPORE 


For further information, contact: 


The Secretariat 
4TH ASEAN ORL H&N CONGRESS 
Academy of Medicine, Singapore 
College of Medicine Building 
16 College Road #01-01 
Singapore 0316 
Republic of Singapore 
Tel: (65) 2238968 
Telex: RS40173 ACAMED 
Fax: (65) 2255155 


The University of Michigan 
TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Director: John L. Kemink, MD 


Intensive 5-day courses emphasize surgical 
and anatomical approaches to the temporal 
bone in a manner relevant for the otologic 
surgeon, utilizing lectures, videotapes, and 
temporal bone microdissection. All dissection 
equipment and luncheon provided. 


50 Hours CME Credits 
FEE: $1000: Residents $750 


y S 1989 
Apr 24-28 S : Oct 16-20 
May 22-26 | i HFS] Nov 13-17 


For further information, contact: 


John L. Kemink, MD 
Department of Otolaryngology 
Box 0312, 1500 E Medical Center Drive 
Taubman Medical Center 
Ann Arbor, MI 48109 
(313) 936-8006 





lontophoresis. . . 
it Works! 

in Principle 
and in Practice. 


lontophoresis has been reported as a Safe, 
painless and effective method of 
tympanic membrane anesthesia 
fer outpatient myringotomy 

and tube insertion in selected 
patients." 


in Principle, It Works. 


lm clinical use, iontophoresis 
has been used routinely by 

many Otolaryngologists and 
Ctologists for over 10 years. 
lontopnoresis permits you to 
Go out-patient surgery, and 

Eliminates costly hospitalization 
Gf cooperative patients. Additional y 
iontoproresis eliminates painful 
local injection for adult patients. 


In Practice, It Works. 


-he following physicians and institutions are 
representative of those who use and recommend 
iontophoresis. 
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conventional otics. 


the ease of compliance. 





Children may be less likely to resist its 
instillation, and their parents will appreciate 


And you can prescribe new PediOtic 


Pe diOtic suspension sterile 


NEW 
: -~ suspension 
PediOtic sche 
-Formulated to be less acidic 
~ to help minimize irritation. 


A more normal pH range means less 
potential for painful irritation. 
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1:0 > Usp XXI specified pH range for the life 


of the product (neomycin/polymyxin B/ 
pH hydrocortisone). 


Formulated to help take the sting out of otitis externa therapy 


New PediOtic’ suspension is specially 
formulated to have a higher pH range than 


suspension with confidence, knowing it 
contains the same proven antibiotic/anti- 
inflammatory combination physicians have 
trusted for years. 

Now there’s a gentle effective treatment 
for “swimmer’s ear” to please patient, 
parent, and physician. 


PR 


Wellcome 


polymyxin B sulfate-neomycin sulfate-hydrocortisone) 





brief summary 


NEW PediOtiC suspension sterile 
(polymyxin B sulfate-neomycin sulfate-hydrocortisone) 


DESCRIPTION: Pediotic suspension (polymyxin B sulfate-neomycin sulfate-hydrocortisone) is a sterile antibacterial and anti-intlammatory 
suspension for otic use. Each mi contains. Aerosporin® (polymyxin B sulfate) 10,000 units, neomycin sulfate equivalent to 3.5 mg 
neomycin base. and hydrocortisone 10 mg (1%). The vehicle contains thimerosal 0.001% (added as a preservative) and the inactive 
ingredients cetyl alcohol, glyceryl monostearate, mineral oil, polyoxy! 40 stearate, propylene glycol, and Water for Injection Sulfuric 
acid may be added to adjust pH. Pediotic suspension has a minimum pH of 4.1, which is less acidic than the minimum pH of 3.0 
for Cortisporin® Otic Suspension. INDICATIONS AND USAGE: For the treatment of superficial bacterial infections of the external 
auditory canal caused by organisms susceptible to the action of the antibiotics, and for the treatment of infections of mastoidectomy 
and fenestration cavities caused by organisms susceptible to the antibiotics. CONTRAINDICATIONS: This product is contraindicated 
in those individuals who have shown hypersensitivity to any of its components, and in herpes simplex, vaccinia, and varicella infec- 
tions WARNINGS: This product should be used with care in cases of perforated eardrum andin longstanding cases of chronic otitis 
media because of the possibility of ototoxicity. Neomycin sulfate may cause cutaneous sensitization. A precise incidence of hypersensitivity 
reactions (primarily skin rash) due to topical neomycin is not known. When using neomycin-containing products to control sec- 
andaruintertinn inthe chrnnic dermatnses such aschrnnic otitis externa nr stasis dermatitis. it should be borne in mind that the skin 


as a failure to heal. Periodic examination for such signs is advisable, and the patient should be told to discontinue the product if they 
are observed. These symptoms regress quickly on withdrawing the medication. Neomycin-containing applications should be avoid- 
ed for the patient thereafter. PRECAUTIONS: As with other antibacterial preparations, prolonged use may result in overgrowth of 
non-susceptible organisms, including fungi. If the infection is not improved after one week, Cultures and susceptibility tests should 
be repeated to verify the identity of the organism and to determine whether therapy should be changed. Treatment should not be con- 
tinued for longer than ten days. Allergic cross-reactions may occur which could prevent the use of any or all of the following antibiotics 
for the treatment of future infections: kanamycin, paromomycin, streptomycin, and possibly gentamicin. ADVERSE REACTIONS: 
Neomycin occasionally causes skin sensitization. Ototoxicity and nephrotoxicity have also been reported (see WARNINGS section) 

Adverse reactions have occurred with topical use of antibiotic combinations including neomycin and polymyxin B. Exact incidence 
figures are not available since no denominator of treated patients is available. The reaction occurring most often is allergic sensitiza- 
tion. Inoneclinical study, usinga 20% neomycin patch, neomycin-induced allergic skin reactions occurred in two of 2,175 (0.09%) 
individuals in the general population In another study, the incidence was found to be approximately 1% .* The following local adverse 
reactions have been reported with topical corticosteroids, especially under occlusive dressings: burning, itching, irritation, dryness, 
folliculitis, hypertrichosis, acneiform eruptions, hypopigmentation, perioral dermatitis, allergic contact dermatitis, maceration of 
the skin, secondary infection, skin atrophy, striae, and miliaria. Stinging and burning have been reported rarely when this drug 
gained access tothe middieear. HOW SUPPLIED: Bottle of 7.5mi with sterilized dropper. NDC 0081-0910-02 Store at 15°to 25°C 
(59° to 77°F) 

REFERENCES: 1. Leyden JJ, Kligman AM: Contact dermatitis to neomycin sulfate. JAMA 1979,242:1276-1278. 2. Prystowsky 
SD, Alien AM, Smith RW, et al: Allergic contact hypersensitivity to nickel, neomycin, ethylenediamine, and benzocaine. Arch 
Dermatol 1979; 115:959-962 
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VESTIBULAR ATELECTASIS 


SAUMIL N. MERCHANT, MD 


HAROLD F. SCHUKNECHT, MD 


BOSTON, MASSACHUSETTS 


The temporal bone collection at the Massachusetts Eye and Ear Infirmary includes specimens from several cases in which the only 
reasonable explanation for vertigo is collapse of the walls of the ampullae and utricle, a disorder we have termed vestibular atelectasis. The 
clinical histories and temporal bone studies support the existence of a primary type that may have a paroxysmal or insidious onset, and a 
secondary type that occurs in association with other inner ear disorders. The principal clinical symptom is chronic unsteadiness, precipi- 
tated or aggravated by head movement, and sometimes associated with short episodes of spinning vertigo. It is presumed that the collapsed 
membranes interfere with the motion mechanics of the cupulae and otolithic membranes. 


KEY WORDS — dizziness, dysequilibrium, vertigo, vestibular disease. 


A recently acquired temporal bone (case 1, be- 
low) in the collection at the Massachusetts Eye and 
Ear Infirmary shows collapse of the ampullae and 
utricle as the only reasonable explanation for the 
clinical history of vertigo. To test the validity of the 
concept that such collapsed walls are a symptomatic 
pathologic entity and not an artifact of histologic 
technique or postmortem autolysis, a statistical 
study of temporal bones in the collection was per- 
formed to search for additional cases of collapse. 
Temporal bones having a definitive pathologic ex- 
planation for vertigo were excluded (eg, Meniere’s 
disease, vestibular schwannoma, labyrinthitis, 
brain stem and cerebellar neoplasms, fractures of 
the temporal bone, surgical trauma to the inner 
ear). Also eliminated were cases in which no entry 
regarding vertigo would reasonably have been 
made (eg, overwhelming systemic disease, coma, 
dead on arrival at hospital, pediatric cases, mental 
retardation) and cases in which only one ear had 
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been removed for histology. There remained 426 
temporal bones from 213 subjects in which vestib- 
ular collapse might have occurred. 


Serial sections of each of the 426 temporal bones 
were examined for collapse of the pars superior in a 
blind manner without knowledge of the patients’ 
medical histories. A set of histologic criteria were 
developed to differentiate pathologic from artifac- 
tual collapse. Collapse was considered pathologic if 
one or more of the following primary histologic 
findings were present: 1) cellular bridging at sites of 
infolding of the walls, 2) loss of hair cells and distor- 
tion of the neurosensory epithelium in areas where 
the atelectatic wall was in contact with the epitheli- 
um, and 3) entrapment of inorganic deposits in se- 
questrated spaces associated with deformation. Fre- 
quent associated confirmative findings were in- 
volvement of at least two ampullae, collapse that 
was partial to total in extent, proliferation of the 
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Fig 1. Histologic features seen in artifactual collapse of pars superior include A) sharp angulations and torn trabeculae (original x27) 
and B) separation and displacement of endosteum, together with artifacts in adjacent bone (original x28.6). 


From the Department of Otolaryngology, Massachusetts Eye and Ear Infirmary and Harvard Medical School, Boston. Supported by grant 5 R01 
NS 05881 from the National Institutes of Health/National Institute of Neurological and Communicative Disorders and Stroke. 


Presented at the meeting of the American Otological Society, Inc, Palm Beach, Florida, April 23-24, 1988. 
REPRINTS — Harold F. Schuknecht, MD, 243 Charles St, Boston, MA 02114. 
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5 Collapsed Ampulla Wall 


Fig 2. (Case 1) A) Left view shows pathologic collapse of superior 
ampulla of left ear (original x51.7). Sensory epithelium, nerve 
fibers, and stroma of crista appear normal. For comparison, right 
view shows normal superior ampulla of right ear (original x51.7). 
B) Left ear (original x33.9). Collapse of lateral ampulla and 
superior part of utricle with cellular bridging. Hair cells and 
nerve fibers of crista appear normal. Inset) Higher-power view of 
outlined area, showing cellular bridging across collapsed walls 
and proliferation of mesothelial tissue (original x83.9). C) Right 
ear (original x33.9). Normal lateral ampulla and utricle. 


mesothelial cell layer, and areas of atrophy of the 
walls. Collapse was considered artifactual if none of 
the above three primary histologic features were 
present. Inner ears with artifactual collapse com- 
monly showed 1) sharp tears and angulations of 
atelectatic walls, 2) torn remnants of the perilym- 
phatic trabecular meshwork, 3) displacement and 
avulsion of the endosteum, 4) artifacts in adjacent 
bony and/or membranous structures, 5) collapse of 
one ampulla only, and 6) minimal degree of col- 
lapse of the ampullary wall. The degree of collapse 
in each organ was recorded as minimal, partial, 
near-total, or total. Photomicrographs that il- 
lustrate examples of pathologic collapse are 
presented herein along with case histories and find- 
ings. Figure 1 shows examples of artifactual col- 
lapse. Also recorded were pathologic changes in the 
sensory cells and nerves of the cristae and maculae. 
In ears in which the vestibular nerve trunks were 
preserved, vestibular neuronal counts were per- 
formed and compared to those of the opposite ear as 
well as with previously established normal values.’ 
When the vestibular nerve trunks were missing, the 
vestibular neurons were evaluated by the appear- 
ance of their dendrites in the cribrose areas. We also 
noted the status of the cochlea — organ of Corti, 
stria vascularis, cochlear neurons, spiral ligament, 
and position of Reissner’s membrane in each bone. 
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After completing these studies, we examined the 
medical records for histories of vertigo. They were 
accepted as positive only if there was an evaluation 
by an otolaryngologist or neurologist. Dizziness 
mentioned in a patient’s chart under “past medical 
history” or “review of systems” was not taken as ver- 
tigo. 


Eight of the 213 subjects were judged to have 
pathologic collapse in one ear. Five of them 
(62.5%) had a history of vertigo (cases 1 to 5). 
Eighty-two subjects had collapse in one or both ears 
that met our criteria of being artifactually pro- 
duced. Nine (11%) had a history of vertigo. These 
findings support the concept of collapse being asso- 
ciated with vertigo at a strong confidence level (X? 
test, p< .001). Of the three subjects with pathologic 
collapse who did not have vertigo, one had a men- 
tion of ‘““Meniere’s disease; no recent severe attacks” 
under review of systems in her chart. The other two 
subjects had no entries in their records indicating 
that they ever complained of vertigo; however, this 
is not conclusive evidence that they had not suffered 
vertigo, for the dominant concerns at the time of 
their medical encounters were those of life- 
threatening disease. Fifteen of the 123 subjects 
(12.2%) with no collapse had a history of vertigo. 


The histopathologic evidence justifies the for- 
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mulation of a elinical entity in which the single 
primary pathologic event responsible for the vertigo 
is collapse of part or all of the walls of the ampullae 
and utricle and can logically be termed primary 
vestibular atelectasis. 


PRIMARY VESTIBULAR ATELECTASIS 


The histories and temporal bone studies show 
that on a symptomatic basis, paroxysmal and in- 
sidious forms of primary vestibular atelectasis can 
be recognized. The initial clinical symptom of the 
paroxysmal type is a sudden vertiginous episode, 
sufficiently severe to cause nausea and vomiting, 
without auditory symptoms or evidence of disease 
of the CNS. The vertigo is prolonged and gradually 
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Fig 3. (Case 2) A-D) Left ear. A) Severe collapse of mem- 
branous walls of superior ampulla and atrophy of crista 
(original x92). B) Collapse of superior and lateral ampullae 
(original x54). Collapsed walls show areas of atrophy, 
hyperplasia, and cellular bridging. C) Outlined area in B 
(original x371). Cellular bridging across collapsed and folded 
walls of superior ampulla. D) Posterior ampulla showing col- 
lapse of walls (original x56.7). Inset) Distorted epithelium 
with partial loss of hair cells (original x211). E) Normal right 
ear. Ampullae of lateral and superior canals are shown for 
comparisen with B (original x36.5). 


subsides over a period of days. This initial event is 
followed by chronic dysequilibrium characterized 
by a persistent sense of unsteadiness and/or tran- 
sient vertigo associated with head movement. These 
symptoms usually persist for months or years, but 
may become less severe with the passage of time. 
The insidious form, as the term implies, has a subtle 
onset and is characterized by similar prolonged mo- 
tion-related vertigo. 


The following case histories present three cases 
(cases 1 to 3) of paroxysmal, and two cases (cases 4 
and 5) of insidious primary vestibular atelectasis. 


CASE 1 (PAROXYSMAL) 


At the age of 52 this man had a sudden onset of 
severe vertigo with nausea and vomiting. He also 
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Fig 4. (Case 5) Left view shows collapse of walls of lateral 
ampulla of right ear (original x36.7). Sensory epithelium 
and nerve fibers appear normal. Collapsed walls show ir- 
regular areas of atrophy and mesothelial proliferation. 
Right view, higher-power view of outlined area, shows 
cellular bridging across collapsed walls (original x183). 


noted tingling and numbness of the left side of the 
face and left arm. There were no associated audi- 
tory symptoms. He was hospitalized, gradually im- 
proved, and was discharged 10 days after admis- 
sion. A computed tomographic scan of the brain 
and skull revealed no abnormalities. Although no 
definite diagnosis was made, a neurologist felt the 
symptoms and findings were consistent with tran- 
sient ischemic attacks involving the posterior in- 
ferior cerebellar artery. The subject had an otologic 
evaluation 6 weeks later, at which time he com- 
plained of unsteadiness when he moved his head 
quickly. Audiometry revealed bilateral symmetric 
high frequency sensorineural hearing loss with good 
speech discrimination scores (92% right; 96% left). 
The patient attributed the hearing loss to noise ex- 
posure during the Korean War. Although there was 
no spontaneous nystagmus under Frenzel’s glasses, 
there was a continuous nystagmus after cold water 
(80°F or 26.67°C) stimulation of the left ear. The 
caloric response in the right ear was normal. It 
seemed probable that there was a latent spontane- 
ous nystagmus to the right triggered by the left ca- 
loric test. A diagnosis of recent left vestibular neuri- 
tis was entertained. He died of coronary occlusion 
at the age of 53, 16 months following the onset of 
vertigo. 


Histopathology of Left Inner Ear. There is par- 
tial collapse of the walls of all three ampullae and 
the utricle. In the areas of collapse, there is cellular 
bridging, mesothelial proliferation, and loss of 
perilymphatic trabeculations (Fig 2A,B). The hair 
cell populations of the vestibular sense organs ap- 
pear normal. The vestibular neuronal count is 


18,365 (normal for age). 


In the basal 7 mm of the cochlea, there is atrophy 
of the organ of Corti with loss of hair cells and pillar 
cells, as well as atrophy of the tectorial membrane 
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Fig 5. (Case 6) Histologic appearance of posterior ampulla 
of left ear is representative of pathologic changes in 
vestibular systems of both ears (original x60.7). Ampulla 
shows severe collapse of its membranous walls, cellular 
bridging, thickening of walls, and severe loss of hair cells 
and nerve fibers. Inset) Higher-power view of outlined 
area (original x133.5). 


and stria vascularis. The organ of Corti in the re- 
mainder of the cochlea appears normal. There is a 
loss of about 30% of cochlear neurons in all turns. 


Histopathology of Right Inner Ear. The superior 
and lateral ampullae, utricle, and saccule appear 
normal (Fig 2A,C). There is partial collapse of the 
posterior ampulla that appears to be artifactual. 
The vestibular neuronal count is 19,132 (normal for 


age). 


In the basal 12 mm of the cochlea, there is ab- 
sence of the organ of Corti and patchy atrophy of 
the stria vascularis. The organ of Corti appears nor- 
mal in the remainder of the cochlea. There is a loss 
of about 30% of cochlear neurons in all turns. 


Comment. The only pathologic finding to explain 
this patient’s vertigo and right-beating nystagmus is 
collapse of the pars superior in the left ear. 


CASE 2 (PAROXYSMAL) 


At the age of 68 this man experienced the sudden 
onset of severe vertigo with nausea, for which he 
was hospitalized for 10 days. He had no associated 
hearing loss, tinnitus, or neurologic symptoms. Ex- 
amination revealed a spontaneous horizontal right- 
beating nystagmus. Findings of the physical ex- 
amination were otherwise negative. Findings of the 
neurologic examination were normal. An audio- 
gram taken 5 days after the acute vertiginous epi- 
sode showed a bilateral symmetric high frequency 
hearing loss most severe at 4 kHz. He had no further 
otologic evaluations and his medical record does not 
indicate whether he had any vertigo or imbalance 
during the remaining years of his life. He died 11 
years later at age 79 of a cerebral hemorrhage. 


Histopathology of Left Inner Ear. There is near- 
total collapse of the superior ampulla and partial 
collapse of the lateral and posterior ampullae and 
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utricle and atrophy of the superior crista (Fig 
3A-D). There is a diffuse atrophic appearance of the 
membranous labyrinth as well as irregular areas of 
hyperplasia, cellular bridging at sites of infolding of 
the walls, and loss of perilymphatic trabeculations 
in the areas of collapse. In the posterior ampulla, 
there is distortion of the neurosensory epithelium 
and partial loss of hair cells where the atelectatic 
wall is in contact with the sensory epithelium (Fig 
3D). The other vestibular sense organs appear to 
have normal hair cell populations. Vestibular 
neuronal counts cannot be done because the vestib- 
ular nerve trunks have been avulsed from the inter- 
nal auditory canal: however, the dendritic fibers in 
the cribrose areas appear normal. 


Reissner’s membrane is depressed onto a shrunk- 
en organ of Corti. There is a loss of hair cells at the 
extreme basal end and a loss of 20% to 30% of coch- 
lear neurons in the basal turn. The stria vascularis 
appears normal. 


Histopathology of Right Inner Ear. The vestibu- 
lar sensory structures appear normal (Fig 3E). All 


a Pal Wer mod) 8 Orgon of Corti 
Neurons lp S À - A N | figs 
Sh Aa ot te ah orma y , 
Normal "~ gone , ee aah gee 





Fig 6. (Case 7) A) Audiogram done at age 51 when patient was complaining of right- 
sided hearing loss and unsteadiness. B) Severe hydrops of cochlear duct of right ear 
(original x24.3). Hair cell and neuronal populations are normal. C) Collapse of 
utricular wall of right ear onto its macula with disruption and distortion of sensory epi- 
thelium and focal areas of loss of supporting cells and hair cells (original x70). 
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cristae and maculae appear to have normal hair cell 
populations. The vestibular neuronal count js 
18,127 (normal for age). 


The hair cell population of the organ of Corti ap- 
pears normal. The stria vascularis is normal. There 
is a loss of about 30% of cochlear neurons in the 
basal turn. 


Comment. The collapsed pars superior of the left 
ear is the only pathologic finding to explain the 
acute vertiginous episode and right-beating nystag- 
mus. This case has been reported previously as an 
example of acute vestibular labyrinthitis of possibly 
viral cause.” 


CASE 3 (PAROXYSMAL) 


At the age of 61 this woman had an episode of 
severe vertigo with nausea and vomiting of several 
hours’ duration. She had no further vertigo until 
age 66, when she experienced another episode of 
violent vertigo that gradually diminished over the 
subsequent 5 weeks. At no time was there a subjec- 
tive change in hearing. When examined 5 weeks af- 
ter the onset of the second episode, she was noted to 


570 Merchant & Schuknecht, Vestibular Atelectasis 


/ m 
j x is 2 . e 
i j "a d he a F: 
F -T ‘ | l 
s5 Fracture : 
A } ? g NNE 
| J #. A Loss of “i Cells \ 


pe 3) 
f 


Collapsed ws 


Ampulla 


= e N a } 


B d iS 
} x / $ \ \ f "i 





Na 
: aD ` 
SN A~ 
“ 3 
eS E 
j “i ¥ N ‘ 
P \ ‘ 
4 N À ` 
Pao ba P HAPEN 
DSi P e ee Collapsed 
—\. Ao ate Y ' Utricle Wall 
Ca A y 
>% ¢ - ne ` d Ss y A 
A Wag EA, f. 
£ > pr" s, - ‘ } nw Ad , 
X fa“ `y 


7 | 
Sy ta’ 
e \ 

Č 


~ri SO 


Fig 7. (Case 8) Right ear. A) Fracture line extending to superior ampulla (original x78). Ampullary wall is collapsed and there is 
loss of about 30% of hair cells. B) Transverse fracture through vestibule that has caused collapse of utricular wall onto its macula 
(original x27.3). Hair cell population appears normal. Superior division of Scarpa’s (vestibular) ganglion appears normal. 


have “positional vertigo on sitting up and on turn- 
ing to the right.” There was a transient first degree 
left lateral gaze nystagmus. There was positional 
nystagmus consistent with cupulolithiasis of the 
right ear. Caloric tests using 30-second irrigations at 
30°C and 44°C were normal. Audiometry revealed 
a bilateral symmetric flat sensorineural hearing loss 
with speech discrimination scores of 100% on the 
right and 88% on the left. There was also a mild 
conductive hearing loss on the left. Results of the 
neurologic examination were normal. Over the next 
several years she continued to experience chronic 
dysequilibrium in the form of transient vertigo 
precipitated by positional changes. At age 84, 23 
years after the first attack of vertigo, she died of oc- 
clusion of the superior mesenteric artery with 
gangrene of the small intestine followed by cardiac 
failure. 


Histopathology of Right Inner Ear. The vestibu- 
lar labyrinth shows partial collapse of the superior 
and lateral ampullae and utricle. The collapsed 
walls show areas of atrophy and growth of cellular 
tissue at sites of infolding. A coarsely granular 
basophilic precipitate is seen between the wall and 
crista of the posterior ampulla. The hair cells of all 
vestibular sense organs appear normal. The vestibu- 
lar neuronal count is 14,334 (normal for age). 


The cochlea shows a normal population of hair 
cells in all turns. There is patchy atrophy of the stria 
vascularis and partial atrophy of the spiral ligament 
in the apical turn, both of which are normal for 
age. There is a loss of about 50% of cochlear neu- 
rons in the basal turn. 


Histopathology of Left Inner Ear. The vestibular 
sense organs appear normal. The hair cell popula- 
tions of all cristae and maculae appear normal. The 
vestibular nerve trunks have been avulsed from the 
internal auditory canal but the vestibular dendrites 
in the cribrose areas appear normal. 


The cochlea shows a good population of hair cells 
in all turns. There is patchy atrophy of the stria 
vascularis and partial atrophy of the spiral ligament 
in the apical turn. There is a loss of about 50% of 
cochlear neurons in the basal turn. 


Comment. The two episodes of severe vertigo and 
the ensuing chronic dysequilibrium are best ex- 
plained by the partial collapse of the pars superior. 
The cochlear changes are consistent with presby- 
cusis. The temporal bones also show bilateral foci of 
otosclerosis that have caused fixation of the foot- 
plates. It seems improbable that the otosclerosis has 
a causal relationship to the collapse. 


CASE 4 (INSIDIOUS) 


At the age of 77 this man was admitted to the hos- 
pital for investigation of dizziness of 2 years’ dura- 
tion. He stated that “the dizzy spells occur once 
every 2 days, when I turn my head around and they 
last about 1 or 2 minutes. Sometimes I stagger just 
like a drunk but do not fall down.” There was no 
nausea or vomiting. He also complained of bilateral 
hearing loss without tinnitus. An audiogram re- 
vealed bilateral symmetric hearing loss for frequen- 
cies above 1,000 Hz. Caloric tests using 5 mL of 
cold water (temperature not recorded) gave no re- 
action on either side. His hearing deteriorated fur- 
ther during the last 3 years of life. The patient's 
daughter stated that he was “stone deaf” during the 
last 6 weeks of life and that his vertigo persisted 
throughout the last 3 years of life. He died at age 
80, 5 years after the onset of vertigo, of complica- 
tions of diabetes mellitus and coronary heart disease. 


Histopathology of Right Inner Ear. There is near- 
total collapse of the superior and posterior ampullae 
and partial collapse of the lateral ampulla. The col- 
lapsed walls show areas of cellular bridging at sites 
of membrane infolding, as well as irregular areas of 
atrophy and mesothelial cell proliferation. The hair 
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Fig 8. (Case 9) Lateral ampulla of right ear shows collapse 
of its walls, total loss of hair cells, and severe degeneration 
of nerve fibers (original x41.7). Only supporting cells re- 
main in sensory epithelium. 


\ ' A 


cell populations of all the vestibular sense organs 
appear normal. The vestibular neuronal count is 
16,891 (normal for age). 


The cochlea shows a partial loss of hair cells in 
the basal 12 mm; there is a good population of hair 
cells in the remainder of the cochlea. There is a loss 
of about 30% of cochlear neurons in the basal turn. 
There is rupture of the basilar membrane in the 
middle part of the cochlea. The spiral ligament ap- 
pears atrophic and the basilar membrane appears 
abnormally thin in areas adjacent to the rupture. 


Histopathology of Left Inner Ear. There is par- 
tial collapse of the lateral ampulla and minimal col- 
lapse of the superior and posterior ampullae. The 
vestibular sensory structures appear normal. The 
vestibular neuronal count is 14,774 (normal for 


age). 


The cochlea is similar to the opposite ear and 
shows loss of hair cells in the basal 12 mm and a loss 
of about 30% of cochlear neurons in the basal turn. 
There is rupture of the basilar membrane in part of 
the basal and middle turns. The spiral ligament ap- 
pears atrophic and the basilar membrane is abnor- 
mally thin in areas adjacent to the rupture. 


Comment. The principal pathologic finding to 
explain the symptoms of dysequilibrium is collapse 
of the ampullary walls in both inner ears. The 
cochlear changes are consistent with presbycusis. 


CASE 5 (INSIDIOUS) 


At the age of 35 this man experienced the onset of 
left otorrhea and hearing loss. Examination at age 
49 revealed a large perforation with purulent 
discharge and a 50-dB conductive hearing loss. At 
age 61, he noted the onset of vertigo on sudden head 
movements and on assuming the supine position. 
Three years later, otoscopy again revealed a per- 
foration of the left tympanic membrane, choleste- 


atoma of the mesotympanum and epitympanum, 
and resorption of the long process of the incus and 
crura cf the stapes. The fistula test was negative. He 
died 4 months later at age 64 of bronchopneumonia 
complicating chronic lymphatic leukemia. 


Histopathology of Right Inner Ear. There is near- 
total collapse of the superior ampulla and partial 
collapse of the lateral ampulla and utricle. There 
are areas of irregular hyperplasia of the mesothelial 
cell layer as well as areas of atrophy and cellular 
bridging at sites of infolding (Fig 4). The cristae and 
maculae appear to have normal hair cell popula- 
tions. The vestibular neuronal count is 19,405 (nor- 
mal for age). 


The hair cell population of the organ of Corti as 
well as the cochlear neuronal population appear 
normal. There is patchy atrophy of the stria vas- 
cularis in the apical turn. 


Histopathology of Left Inner Ear. All cristae and 
maculae appear to have normal populations of hair 
cells end the vestibular dendrites in the cribrose 
areas appear normal. 


The hair cell population of the organ of Corti and 
the cochlear neuronal population appear normal. 
There is mild atrophy of the stria vascularis in the 
apical turn. 


Comment. There is active chronic suppuration 
and cholesteatoma of the left middle ear. Active 
destructive osteitis has eroded the bone over the 
lateral canal; however, a thin plate of bone remains 
and the endosteum is intact. It seems probable, 
therefore, that the chronic positional vertigo was 
caused by the collapsed vestibular labyrinth in the 
right ear rather than the chronic otitis media in the 
left ear. 


SECONDARY VESTIBULAR ATELECTASIS 


Having established with reasonable certainty 
that collapse of the ampullary and utricular walls 
can occur as a primary event, we also randomly ex- 
amined temporal bones having other disease condi- 
tions that also might show pathologic collapse and 
thus be responsible for chronic dysequilibrium. This 
condition is designated as secondary vestibular 
atelectasis. It seems probable that the onset of col- 
lapse often would be masked by the vestibular 
symptoms of the associated inner ear disorder. Fur- 
thermore, should the vestibular sense organs be ren- 
dered nonfunctional because of sensory cell or neu- 
ronal degeneration, the collapse would not be 
symptomatic at all. No attempt was made at this 
time to determine the incidence of secondary vestib- 
ular atelectasis in different disease states. The fol- 
lowing six cases, however, are representative of the 
condition. 


CASE 6 (WITH DEGENERATION OF AGING) 
Audiometric evaluation at age 59 showed that 
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Fig 9. (Case 10) A) Left view shows collapse of superior ampulla 
of left ear (original x43.5). Sensory epithelium and nerve fibers to 
crista appear normal. For comparison, right view shows superior 
ampulla of right ear (original x43.5). B) Collapse of lateral am- 
pulla and superior part of utricle of left ear (original x35.1). Inset) 
Higher-power view of outlined area shows mesothelial tissue 
bridging across collapsed walls (original x283.5). C) Normal 
lateral ampulla and utricle of right ear for comparison with B 
(original x35.1). 


this man had a bilateral sensorineural hearing loss 
with descending threshold patterns. At the age of 60 
he reported having “a dizzy spell which lasted an 
hour” (no details available). Audiometry revealed a 
slight progression in hearing loss and he was fitted 
with hearing aids for both ears. Subsequent medical 
records do not indicate whether or not he had bal- 
ance problems. His wife stated, however, that “dur- 
ing his last year, his balance was deteriorating con- 
siderably and he was having frequent minor dizzy 
spells.” At age 81, 21 years following the initial at- 
tack of vertigo, he died of intracerebral hemorrhage 
and bronchopneumonia. 


Histopathology of Left Inner Ear. The walls of 
the vestibular membranous labyrinth are thickened 
throughout. There is partial collapse of the superior 
and lateral ampullae and utricle and near-total col- 
lapse of the posterior ampulla (Fig 5). The collapsed 
walls show areas of cellular bridging at sites of in- 
folding as well as entrapment of basophilic deposits. 
There is an estimated loss of about 90% of hair cells 
in all cristae. The anterior two thirds of the sensory 
epithelium of the utricular macula is thin and 
atrophic with a total loss of hair cells and detach- 
ment from the underlying stroma. The posterior 
one third is normal. The saccular macula shows a 
loss of about 50% of hair cells. The vestibular den- 
dritic fibers in the cribrose areas are severely 
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degenerated. The vestibular nerve trunks have been 
avulsed from the internal auditory canal. 


The cochlea shows a mild patchy atrophy of the 
stria vascularis and mild diffuse loss of hair cells. 
There is loss of about 60% of cochlear neurons in all 
turns. There is a greater loss of dendritic fibers than 
axonal fibers. 


Histopathology of Right Inner Ear. There are se- 
vere removal artifacts in this temporal bone. The 
posterior part of the vestibular labyrinth has been 
sawed through, and bone chips are located in the 
anterior segments of the remaining canals. The re- 
maining vestibular labyrinth shows thickening, 
areas of pathologic collapse, and degeneration of 
the vestibular dendritic fibers in the cribrose areas 
similar to those in the opposite ear. 


The cochlea appears similar to that of the op- 
posite ear, including slight scattered loss of hair 
cells, loss of about 60% of cochlear neurons with 
dendritic fiber loss being greater than the axonal 
loss, and mild patchy atrophy of the stria vascu- 
laris. 


Comment. This case demonstrates a combination 
of pathologic changes including thickening, col- 
lapse, and distortion of the walls of the vestibular 
labyrinths, as well as partial loss of vestibular hair 
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cells and partial degeneration of the vestibular 
nerves. It seems probable that the degenerative 
changes in both the vestibular system and cochlea 
are the result of aging. 


CASE 7 (WITH ENDOLYMPHATIC HYDROPS) 


Audiometric testing at the age of 44 revealed that 
this woman had a mild bilateral high frequency 
sensorineural hearing loss. At the age of 51 she com- 
plained of tinnitus and hearing loss in the right ear 
and unsteadiness. She denied having episodes of 
severe vertigo. The unsteadiness subsided in a few 
days, but the tinnitus and hearing loss persisted. 
The tympanic membranes appeared normal. Calor- 
ic tests with 5 mL of water (80°F or 26.67°C) gave 
responses of 1 minute 20 seconds in the right ear and 
50 seconds in the left. Audiometric testing (Fig 6A) 
revealec a severe sensorineural hearing loss in the 
right ear, worse for high frequencies. There was 
complete loudness recruitment at 1,000 Hz, and an 
8% speech discrimination score. The left ear 
showed a sensorineural hearing loss for frequencies 
above 2.000 Hz and a 100% speech discrimination 
score. During the last 18 months of life, she had an 
almost constant feeling of unsteadiness. She felt as if 
she were “tilted” and tended to fall to the right. 
Two yeers later, at age 53, she died of cardiac insuf- 
ficiency and the right temporal bone was removed 
for histclogic study. 


Histopathology of Right Inner Ear. There is 
severe endolymphatic hydrops of the pars inferior 
(cochlea and saccule; Fig 6B) and collapse of the 
pars superior (utricle and canals). The saccule is 
markedly distended to make contact with the foot- 
plate of the stapes and is herniated into the sinus of 
the endclymphatic duct. The utriculoendolymphat- 
ic valve s compressed and displaced by the enlarged 
saccule. There is partial collapse of the superior 
part of tne utricular wall onto its macula. In several 
areas, the collapsed wall is adherent to disrupted 
sensory 2pithelium with loss of hair cells and sup- 
porting cells (Fig 6C). The lateral and superior am- 
pullae show partial collapse and cellular bridging. 
The hair cell populations of the cristae and saccule 
appear normal. The vestibular neuronal count is 
20,036 (normal for age). The cochlea shows a nor- 
mal population of hair cells and neurons. 


Comment. One can speculate as to whether a pri- 
mary collapse of the pars superior caused hydrops of 
the pars inferior by blocking the longitudinal flow 
of endolymph or whether distension caused by en- 
dolympkatic hydrops caused rupture and collapse 
of the pars superior. It seems reasonable, in either 
case, to attribute the persistent sense of unsteadiness 
to the collapsed walls of the utricle and ampullae. 
This case was reported previously in a paper on 
Meniere's disease.’ 


CASE 8 (WITH TEMPORAL BONE FRACTURE) 
This women suffered a skull fracture (details un- 


known) at age 25, following which she had de- 
creæed hearing in the right ear. She also had “dif- 
ficuty with balance” that persisted throughout life. 
No further details are available about the nature of 
her vertigo. At age 48 she was reported to have 
“nommal tympanic membranes, a midline Weber 
resp nse, and indefinite Rinne responses.” She died 
at aze 49 of carcinoma of the breast with diffuse 
metzstases. 


H stopathology of Right Inner Ear. There is a 
healed transverse fracture of the temporal bone ex- 
tending from the superior and lateral ampullae 
throigh the vestibule to the posterior ampulla and 
jugwar bulb. There is partial collapse of all am- 
pull.e, the utricle, and the saccule (Fig 7). There is 
cellar bridging across atelectatic walls as well as 
areas of atrophy and proliferation of both mesothe- 
lial end epithelial layers. There is a total loss of hair 
cells in the lateral crista and a loss of about 30% in 
the siperior and posterior cristae. The hair cell pop- 
ulaton of the utricular macula appears normal. 
The saccular wall is torn and collapsed onto the 
mac ala, which shows disruption and degeneration 
of th= sensory epithelium with only small patches of 
hair zells remaining. The vestibular neuronal count 
is 15,480, which is 26% less than the opposite ear. 


TLe cochlea shows a near-total loss of hair cells in 
the »asal turn and partial loss in the middle and 
apical turns. Reissner’s membrane is ruptured in the 
basa and apical turns and collapsed onto the stria 
vascalaris and the organ of Corti in the middle 
turn There is a loss of about 50% of cochlear 
neurns in the basal turn and there are normal pop- 
ulations in the middle and apical turns. 


Hestopathology of Left Inner Ear. The vestibular 
and auditory structures appear normal. The vestib- 
ular neuronal count is 21,041 (normal for age). 


Ccmment. It seems reasonable that the persistent 
dysequilibrium following temporal bone fracture 
was eaused by collapse of the walls of the vestibular 
laby-inth causing alterations in the motion mechan- 
ics o the still-viable vestibular sense organs. This 
case vas reported in a paper on temporal bone frac- 
ture.” 


CASE 9 (WITH TEMPORAL BONE FRACTURE) 


At the age of 73 this man complained of pro- 
gress ve hearing loss in the right ear of 5 years’ dura- 
tion. He denied having vertigo, tinnitus, or otor- 
thea The Rinne test (512 Hz) was positive in both 
ears and the Weber test was midline. At the age of 
80 he slipped on icy ground and lacerated the scalp 
of the occipital region. Following that injury, he 
complained of headache and vertigo. Radiographic 
studies failed to show a temporal bone fracture. The 
medial records note that he had “dizzy spells” 
following the fall (no details available). At age 85 
he ccmplained of decreased hearing in both ears. 
Ther? is no indication in the record that he had ver- 
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tigo or unsteadiness. Audiometry revealed a pro- 
found sensorineural hearing loss on the right and 
pure tone thresholds of about 60 dB on the left. 
Speech discrimination was 0% on the right and 8% 
on the left. At age 86, 6 years after the head injury, 
he died of carcinoma of the sigmoid colon with dis- 
tant metastases. . 


Histopathology of Right Inner Ear. There is a 
transverse fracture of the temporal bone that ex- 
tends through the posterior part of the vestibule, the 
posterior ampulla, and the endolymphatic sac to 
reach the posterior wall of the petrous bone. The 
posterior margin of the footplate of the stapes is 
subluxated slightly into the vestibule. There is par- 
tial collapse of the superior and lateral ampullae 
and utricle, and minimal collapse of the posterior 
ampulla. The collapsed walls show growth of cellu- 
lar tissue across sites of infolding and irregular areas 
of atrophy and proliferation of the mesothelial cell 
layer. The inferior. part .of the utricle has been torn 
where it lies in the pathway of the fracture. The 
margins of this tear are smooth and rounded, in- 
dicating that the tear is antemortem. There is a 
total loss of hair cells in the lateral and posterior 
cristae (Fig 8), 90%.:loss in the superior crista and 
utricle, and 60% loss in the saccule. There is about 
80% degeneration of both divisions of the vestibu- 
lar nerve as judged by the appearance of their den- 
drites in the cribrose areas. The vestibular nerve 
trunks have been partially avulsed from the internal 
auditory canal. There is proliferation of bone and 
connective tissue in the perilymphatic space of the 
posterior canal. 


In the basal turn, the organ of Corti consists of an 
undifferentiated mound of cells. In the middle and 
apical turns, pillar cells are present, but no hair 
cells can be identified. There is moderately severe 
atrophy of the stria vascularis in all turns. The 
spiral ligament is severely atrophied in the apical 
half of the cochlea. There is a loss of about 95% of 
cochlear neurons in all turns. 


Histopathology of Left Inner Ear. The vestibular 
sensory and neural structures appear normal. The 
vestibular neuronal count is 14,608 (normal for age). 


The cochlea shows a loss of about 10% to 20% of 
outer hair cells in all three turns. There is moderate- 
ly severe atrophy of the stria vascularis and spiral 
ligament in the apical half of the cochlea. There is a 
loss of about 90% of cochlear neurons in the basal 
turn and 75% in the middle and apical turns. © 


Comment. The immediate dysequilibrium fol- 
lowing the temporal bone fracture is explainable on 
the basis of direct injury to the sensory and neural 
structures. The lack of a subsequent history of dys- 
equilibrium in spite of the atelectatic vestibular 
system is probably due to the severe loss of sensory 
and neural elements in the vestibular system. 


CASE 10 (FOLLOWING STAPEDECTOMY) 


This man had bilateral otosclerosis and under- 
went an uneventful and successful right total 
stapedectomy (vein graft and polyethylene tube 
prosthesis) at age 66. A left stapedectomy (vein 
graft and steel wire prosthesis) was performed at 
age 68. Eleven days after this second procedure he 
developed a sudden onset of severe vertigo and 
vomiting for which he was hospitalized (duration 
unknown). It is known that for at least 3. years 
following this experience he had intermittent mild 
vertigo, mainly on head movement (details un- 
known). Several postoperative audiometric tests 
showed closure of the air-bone gap in both ears. He 
died of cardiac arrest at age 81, 13 years after the 
acute postoperative vertiginous episode. 


Histopathology of Left Inner Ear. There is par- 
tial collapse of the superior and lateral ampullae 
and the superior part of the utricle (Fig 9A,B). The 
collapsed walls show areas of atrophy, mesothelial 
proliferation, and cellular bridging at sites of in- 
folding. There is a basophilic acellular mass in the 
posterior ampulla adjacent to the crista. There is 
lamellar new bone and connective tissue in the peri- 
lymphatic space of the posterior canal. The oval 
window is bridged by a thick membrane containing 
spaces indicating the prior location of the wire pros- 
thesis. There is no evidence of direct trauma to 
structures of the vestibule. The hair cell populations 
of the cristae and maculae appear normal. The ves- 
tibular neuronal count is 18,940 (normal for age). 


There is a large focus of otosclerosis anterior to 
the oval window involving the endosteum of the 
basal and middle turns. There is a partial loss of 
hair cells and neurons in the basal turn. 


Histopathology of Right Inner Ear. The vestibu- 
lar sense organs appear normal (Fig 9A,C). The ves- 
tibular neuronal count is 21,472 (normal for age). 


The oval window is bridged by a layer of thick fi- 
brous tissue. A large otosclerotic focus is located 
anterior to the oval window. The organ of Corti is 
atrophied at the basal end and there is a scattered 
loss of hair cells throughout the remainder of the 
cochlea. There is a loss of about 30% of cochlear 
neurons in the basal turn. 


Comment. The fact that the collapsed labyrinth 
is present in the left ear and that the vertigo fol- 
lowed an operation in the left ear is suggestive of a 
causal relationship. The continuing dysequilibrium 
after the original attack of vertigo may be the result 
of disordered motion mechanics of the superior and 
lateral ampullae and utricle. This case was reported 
previously in a paper on stapedectomy.* 


CASE 11 (FOLLOWING SURGICAL INJURY) 


At the age of 41 this patient underwent a left 
radical mastoidectomy for cholesteatoma. For sev- 
eral days following this operation, he experienced 
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severe vertigo and was noted to have nystagmus 
(direction not recorded). The vertigo subsided (time 
course unknown) and the ear healed. He had no 
further vertiginous symptoms. He died at age 55 of 
aortic stenosis and pulmonary embolism, and at 
autopsy the left temporal bone was removed for 
histologic study. 


Histopathology of Left Inner Ear. There is a bony 
fistula in the lateral canal 3 mm posterior to the am- 
pulla that is covered by a thin layer of connective 
tissue having a surface lining of squamous epithe- 
lium. There is partial collapse of the lateral ampulla 
and utricle. The collapsed walls show areas of 
atrophy, mesothelial proliferation, and cellular 
bridging at sites of infolding. The stapes has been 
subluxated into the vestibule, with the footplate 
making contact with the saccular wall. The saccule 
is distended slightly. There is over 90% loss of hair 
cells in the cristae and 60% in the macula of the 
utricle. As viewed in the cribrose areas, there is 
severe degeneration of the vestibular dendrites. The 
vestibular nerve trunks have been avulsed from the 
internal auditory canal. 


The cochlea was opened inadvertently during re- 
moval of the temporal bone; there is bone dust in 
the scala tympani and scala vestibuli of all turns. 
There is a near-total loss of hair cells and cochlear 
neurons. 


Comment. The partial collapse of the vestibular 
labyrinth was asymptomatic because of the severe 
degenerative change in the vestibular sense organs 
and nerves. This case was reported previously in 
papers on surgical injuries to the inner ear®’ and in 
a paper on endolymphatic hydrops.° 


DIFFERENTIAL DIAGNOSIS 


The following disorders should be considered in 
the differential diagnosis of primary paroxysmal 
and insidious vestibular atelectasis. 


Acute Vestibular Neuritis. This disorder is an 
acute degenerative neuropathy of the vestibular 
nerve trunks, probably of viral cause.’ It is not pos- 
sible to differentiate between primary paroxysmal 
vestibular atelectasis and acute vestibular neuritis. 
In either case, the symptoms consist of an attack of 
severe vertigo with nausea and vomiting subsiding 
over a period of days. In neither case are there 
associated auditory or CNS symptoms. Both show 
spontaneous nystagmus that beats away from the 
involved ear. A history of subsequent chronic mild 
dysequilibrium precipitated or aggravated by head 
movement would favor the diagnosis of primary 
vestibular atelectasis. 


Meniere's Disease. If Meniere’s disease first pre- 
sents as an attack of vertigo without hearing loss, it 
may be confused with primary paroxysmal vestibu- 
lar atelectasis. The characteristics of Meniere's 


disease that may help to distinguish it from primary 
vestibular atelectasis are shorter duration of the 
origiral vertiginous episodes, recurring attacks of 
vertigo, auditory symptoms, and a positive Henne- 
bert’sssign.'° 


Vestibular (Acoustic) Schwannoma. On rare oc- 
casiors, this neoplasm may present with an acute 
attack of severe vertigo. Features that help to dif- 
ferentiate it from paroxysmal or insidious primary 
vestifular atelectasis are hearing loss, other neuro- 
logic deficits, diagnostic findings on evoked re- 
spons2 audiometry. and characteristic findings on 
CT o~ magnetic resonance imaging scans. 


Perilymphatic Fistula. A fistula of the oval or 
rounc windows may present with paroxysmal, in- 
sidious, or persistent vertigo. In most cases of 
fistula, there is a history of a precipitating event 
such as physical stress (eg, lifting), scuba diving, 
head >low, or previous ear operation. Also, hearing 
usual y is affected and the fistula test is usually 
positive. '*:'? 


Mudtiple Sclerosis. Multiple sclerosis can begin 
with a paroxysmal attack or with insidious persis- 
tent ~ertigo and may be difficult to differentiate 
from primary vestibular atelectasis. The subsequent 
appezrance of characteristic neurologic deficits will 
make the differentiation. 


Ce-ebellar Infarction. Cerebellar infarction 
withcut accompanying brain stem involvement can 
result in severe vertigo with nausea and vomiting” 
that 2an mimic a peripheral vestibular disorder. 
The presence of ataxia and prominent ipsilateral 
cerebellar signs points toward a cerebellar lesion. 
Computed tomographs and MRI demonstrate char- 
acteristic findings for infarction. 


SUMMARY 


The preservation of the contours of the vestibular 
memt ranous labyrinth is a necessary condition for 
the ncrmal motion mechanics of the vestibular sense 
organs. The anatomic features that function collec- 
tively to preserve the configuration of these mem- 
branes include the inherent rigidity of the walls 
themselves, the tethering action of the perilymphat- 
ic tradeculae, and the protective influence of the 
utriculoendolymphatic valve in maintaining the 
volune of endolymph. It is reasonable to expect 
that collapse of the walls of the vestibular labyrinth 
woulc interfere with function of the vestibular 
sense organs by displacement, entrapment, or com- 
pression of the cupulae and otolithic membranes. 
Furthermore, it is logical that the dysequilibrium 
result ng from the disturbed mechanical action of 
these structures would be aggravated by head 
movements or changes in head position that con- 
stitute normal stimuli for these structures. 


Human temporal bone studies demonstrate that 
collapse of the vestibular membranous labyrinth is a 
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pathologic entity and that it may occur in isolation 
(primary) or be the result of noxious influences in 
association with other inner ear disorders (secon- 


dary). 


The symptoms of the primary type of collapse 
may be paroxysmal or insidious in onset. While the 
cause remains obscure, focal viral infection and 
degenerative changes of aging are possible causes. 
Although persisting ruptures of the membranes are 
not seen in postmortem material, it is possible that 
they did occur and subsequently healed. 


The secondary type may or may not become 
symptomatically evident, depending upon the se- 
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verity of the symptoms of the primary inner ear dis- 
ease and whether any functional sensory or neural 
structures remain. 

Regardless of whether the disorder is primary or 
secondary, the principal symptom is constant or in- 
termittent unsteadiness aggravated by head move- 
ment. 


It does not seem reasonable that medical therapy 
could effectively relieve the symptoms, nor does it 
seem probable that the disability would ever be 
severe enough to justify destructive surgical therapy 
(labyrinthectomy, vestibular nerve section). 
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In attempts to decrease gentamicin ototoxicity, the round windows of guinea pigs were covered with fat before gentamicin was given 
through the middle ear cavity. Although ototoxicity to the cochlea was reduced, the desired effect on the vestibular sense organs also was 
reduced, because of the oval window’s resistance to drug penetration. In another series of guinea pigs, simple opening of the lateral semicir- 
cular canal and covering it with a pledget of Gelfoam soaked with gentamicin was an excellent method for producing a selective vestibular 
lesion. It is expected to reduce the function of all vestibular sense organs without impairing cochlear function. 


KEY WORDS — gentamicin ototoxicity, vestibular lesions. 


INTRODUCTION 


Differences in the sensitivity of cochlear and 
vestibular sensory cells to various ototoxic drugs are 
well known. Following the systemic injection of 
drugs (for example, kanamycin), the organ of Corti 
is affected more frequently than the sense organs of 
the vestibular labyrinth.'? Streptomycin, on the 
other hand, produces lesions primarily of the vestib- 
ular sensory cells.*-> Gentamicin affects both coch- 
lear and vestibular sense organs, but with more se- 
vere reaction in the vestibular system.° Drug sensi- 
tivity, however, appears to vary among these struc- 
tures in different species.’ 


Ototoxic drugs have been used extensively for the 
treatment of the vestibular symptoms of Meniere’s 
disease by the systemic route®-!? and by the trans- 
tympanic route.*'*'* Lange’ prefers gentamicin 
over streptomycin, which he considers too toxic, 
though an experimental study based on body weight 
revealed that gentamicin is more toxic than strep- 
tomycin.® Invariably, in some cases, hearing loss 
develops as expected. One reason is probably over- 
dosage of the drug from systemic injections. An- 
other is drug penetration into the inner ear from the 
middle ear cavity through the round window mem- 
brane, which is located closer to the organ of Corti 
than the vestibular sense organs. 


Although the most obvious effect of aminoglyco- 
sides is on the sensory cells, it was believed that 
these drugs affect the fluid balance of the inner 
ear.™ In conformity with this idea, a few studies 
have revealed structural alterations in the vestibu- 
lar secretory cells (dark cells) of the guinea pig'’ and 
chick’* from streptomycin and the cat!’ from genta- 
micin injections. 


The purpose of the present study is to minimize 
the effect of ototoxic drugs on the cochlea while 


maintaining their effect on the vestibular sense or- 
gans. Two procedures were used to accomplish this 
objective. 


MATERIALS AND METHODS 


In the first group, gentamicin was injected 
directly into the middle ear cavity of 15 guinea pigs, 
and in 23 guinea pigs fat was placed on the round 
window, followed by injection of the drug by the 
same route. The round window was exposed by a 
retroauricular approach, and a No. 50 polyethylene 
tube was placed in position close to the round win- 
dow and tied with a silk ligature to the bulla wall. 
The bulla opening was covered with dental cement. 
Gentamicin sulfate (Beecham Laboratories, 80 
mg/2 mL) was administered through the tube first 
at 0.2 mL, then at 0.12 mL daily for the next 4 to 7 
days. 


In the second group, gentamicin was applied to 
the fenestras of the lateral and superior canals in 14 
guinea pigs, and the lateral fenestras in 27. In some 
animals both ears were treated. The surgical ap- 
proach was supra-auricular: the temporalis muscle 
was retracted, the superior compartment of the 
bulla was drilled open, and the prominent bulge of 
the superior canal and the less prominent lateral 
canal were visualized. The bone overlying the canal 
was thinned by drilling to make an oval groove and 
the bony cap was lifted off, or the bone was thinned 
along the canal length and removed in pieces with a 
fine needle. 


The size of the canal opening varied from 0.4 x 
0.2 mm to 0.7 x 0.3 mm, an average of 0.14 mm? 
area approximately. The distance between the lat- 
eral ampullary wall and the fenestration site was 
0.5 to 0.7 mm (the measurements were made on his- 
tologic slides). A slow fluid leak was observed from 
the fenestra. About half a drop or 0.005 mL (0.2 
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TABLE 1. SENSORY CELL LESIONS IN ANIMALS RECEIVING GENTAMICIN INJECTIONS IN MIDDLE EAR 


Cochlea Saccule 
With round window unprotected {n = 15) 
All turns 15 14 
(100%) (93%) 
With fat covering round window (n = 23) 22 7 
( 96%) (30 %) 
All turns 8 3 
Base, middle third, apex 2 l 
Base, apex 2 1 
Base 10 2 


Data show number of animals with lesions in each region. 


mg) of gentamicin sulfate was absorbed in a piece of 
Gelfoam approximately 2 mm in diameter, and it 
was placed directly over the bony defect. No at- 
tempt was made to suction the fluid out of the canal 
or to push the Gelfoam into the canal. In a few in- 
stances the membranous canals were damaged by 
drilling or were entered by the needle. The attic 
opening of the bulla was covered with a large piece 
of Gelfoam and the incision was closed. 


As controls for the canal series, fenestras were 
made on both superior and lateral canals in eight 
ears and on the lateral canal in five ears and 
covered with Gelfoam soaked with Ringer’s solu- 
tion. The number of controls for the lateral canal 
was reduced because prior histologic examination of 
the superior and lateral canal series showed all nor- 
mal sensory cells. 


Animals used for the middle ear injection of gen- 
tamicin through the polyethylene tube were killed 
painlessly at the end of 3 months. Thirty-one ani- 
mals in the canal series were killed at the end of 2 
months, and five at 1 month. The ears were fixed by 
the intravascular perfusion of Heidenhain-susa. 
Both ears were removed intact in one block, decal- 
cified, and embedded in celloidin. The blocks were 
cut serially at 20-1m thickness in the horizontal 
plane, and every tenth section, as well as additional 


TABLE 2, EFFECT OF GENTAMICIN 


Cochlea Saccule 
Applied to superior and lateral canals o 
i = 14, 1 to 2 mo) 
Lesion 5 5 
(36 %) (36% ) 
Extent 
Severe 0 2 
Moderate l 2 
Slight 4 l 
Applied to lateral canal (n = 27, 2 mo) 
Lesion 1 8 
( 4%) (30 %) 
Extent 
Severe 0 0 
Moderate 0 2 
Slight l 6 


Data show number of animals with lesions in each region. 


Superior Lateral Posterior 
Canal Canal Canal 
Utricle. Cristae Cristae Cristae 
13 12 12 13 
(87%) (80 % ) (80%) (87%) 
3 3 3 6 
(13 %) (13%) (13%) (26 %) 
3 3 3 6 
0 0 0 0 
0 0 0 0 
Q 0 0 0 


sections, was stained and examined by light micros- 
copy. Electron microscopy was conducted on six ad- 
ditional ears at 2 months’ survival time. No func- 
tional tests were performed on these animals. 


RESULTS 


Gentamicin injection into the middle ear pro- 
duced severe atrophy in the organ of Corti and ves- 
tibular sense organs. Fat over the round window 
provided some protection for the cochlea; however, 
the effect of the drug was also reduced in the 
vestibular labyrinth. Opening of the lateral canal 
followed by gentamicin application showed the best 
results, in that vestibular sensory cells were affected 
almost exclusively, whereas opening both superior 
and lateral canals resulted in some atrophy of the 
cochlear sensory cells. 


In the group that received gentamicin injection 
into the middle ear cavity (Table 1), all 15 cochleas 
showed degeneration of the sensory cells from the 
base to the apex, accompanied by spiral ganglion 
cell atrophy. The stria vascularis was atrophic in 
93% of the specimens, the limbus connective cells 
in 60% , the saccular maculas in 93%, the utricular 
maculas in 87%, the superior canal cristas in 80%, 
the lateral canal cristas in 80%, and the posterior 
canal cristas in 87%. There were slight differences 


Superior Posterior 
Canal Į. Canal 
Utricle Cristae Cristae Cristae 
14 14 14 14 
(100%) (100%) (100%) (100%) 
10 7 8 7 
å 7 4 7 
0 0 2 0 
27 286 27 27 
(100%) ( 98%) (100%) (100%) 
10 0 3 0 
19 13 12 14 
7 13 12 13 
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Fig 1. Photomicrographs showing effect of gentamicin application via fenestra of lateral semicircular canal of 
right ear and Ringer’s solution application via that of left (original x240). Canal cristas in right ear show 
degeneration of sensory cells (arrows), whereas those of left ear remain norm al. Survival time was 2 months. A) 
Lateral canal crista, left ear. B) Lateral canal crista, right ear. C) Superior canal crista, left ear. D) Superior 
canal crista, right ear. E) Posterior canal crista, left ear. F) Posterior canal crista, right ear. 


in extent of damage among the varied dosage ad- 
ministrations. 


In the group that received gentamicin injection 
into the middle ear cavity with fat covering the 
round window (Table 1), after 3 months fat still re- 
mained intact on the round window membrane, 
though a part of the membrane was always free in a 
majority (16) of the specimens. In others, fat was 
not in contact or not visible. The extent of the le- 
sions of the sense organs was inconsistent with 
respect to the size and position of fat on the mem- 
brane. Presumably, fat was in place, covering a ma- 
jor portion of the round window, at least at the 
beginning of the drug administration. Twenty-two 


of 23 specimens (96 % ) showed atrophy of the organ 
of Corti. In ten ears the degeneration was limited to 
the basal turn, in four ears it was limited to two to 
three turns, and in eight ears all four cochlear turns 
were affected. Approximately 56% of the total 
cochlear turns (calculated as each cochlea having 
four turns) showed sensory cell atrophy. The spiral 
ganglion cells often were degenerated at corre- 
sponding locations. Lesions of the stria vascularis 
were found in 70% of specimens, but the extent was 
smaller and often was limited to one to two cochlear 
turns. The limbus connective cells were affected in 
26% of specimens. The sensory cells of the saccule 
were degenerated in 30% of specimens, of the utri- 
cle in 13%, of the superior canal crista in 13% , of 
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Fig 2. Photomicrographs of same specimen as in Fig 1 showing effect of gentamicin application via fenestra of lateral 
semicircular canal of right ear and Ringer’s solution application via that of left ear (original x240). A) Utricular 
macula, left ear. B) Utricular macula, right ear. C) Saccular macula, left ear. D) Saccular macula, right ear. E) 
Organ of Corti, left ear. F) Organ of Corti, right ear. Note severe sensory cell degeneration in utricular macula (B) 
while moderate degeneration is shown in saccular macula (D). Both organs of Corti at extreme basal ends are normal. 
RW — round window membrane. 


the lateral canal in 13% , and of the posterior canal 
in 26%. The extent of the lesions was considerably 
less than that seen in the group that did not have fat 
covering the round window. These data showed 
that the lesions in the cochleas were reduced by the 
fat; however, they were associated with much less 
damage to the vestibular sense organs. 


In the group that had gentamicin applied to the 
fenestras of the superior and lateral canals (Table 
2), in all 14 ears the sensory cells of the utricular 
maculas and cristas of the superior, lateral, and 
posterior ampullas become atrophic. Five saccular 
maculas (36%) became degenerated. Five cochleas 
(36%) showed degeneration of outer hair cells in 


the basal turn, with the extent of the lesions varying 
from 0.3 mm to 8 mm from the basal ends. The se- 
verity of the lesions in the cristas of all ampullas was 
almost equal. Severe atrophy often was shown in 
the utricular maculas. Spiral ganglion cells, except 
for two specimens, and all Scarpa’s ganglion cells 
showed normal populations. The stria vascularis 
was essentially normal. In four specimens (28%) 
the limbus connective cells in the apical turns were 
atrophic. All fenestrated control ears showed nor- 
mal sensory cell populations. Degeneration of the 
limbus connective cells was observed in the apical 
turn in one specimen. 


The last group received gentamicin application 
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Fig 3. A) Scanning electron micrograph 
of crista of lateral semicircular canal to 
which gentamicin was applied (original 
x940). Stereocilia are missing in wide 
area. Survival time was 2 months. B) 
Transmission electron micrograph show- 
ing severe degeneration of sensory cells in 
posterior ampulla 2 months after applica- 
tion of gentamicin to lateral canal fenes- 
tra (original x3,300). Only one type 2 sen- 
sory cell (II) remains. 


to the fenestra of the lateral canal (Table 2 and Figs 
1-3). In all 27 ears, all utricular maculas and all 
cristas of the superior, lateral, and posterior am- 
pullas, except one superior crista, showed sensory 
cell degeneration. The lesions of the canal organs 
were slight to moderate and were almost equal in 
the superior, lateral, and posterior canal cristas, or 
perhaps slightly higher in a few lateral canal cristas. 
The lesions in the utricular maculas were usually 
greater than those of the canal cristas. The saccular 
maculas were affected far less frequently than the 
canal organs. The lesions in the saccular maculas 
(30%) were generally slight. Electron microscopy 
showed the lesions were most severe in the striolar 
areas of the maculas and at the central part of the 
cristas. The surviving sensory cells were virtually all 
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of type 2 (Fig 3). All cochlear sensory cells were nor- 
mal except one (4%) in which a small lesion (0.8 
mm) of the outer hair cells was found at the basal 
end. In this ear the membranous canal was dam- 
aged severely by drilling at the time of fenestration. 
The populations of spiral ganglion cells and 
Scarpa’s ganglion cells were normal. The stria vas- 
cularis was essentially unchanged. The limbus con- 
nective cells were atrophic at the apical turns in 
four specimens. All five fenestrated control ears re- 
mained normal throughout. All fenestras were 
healed and covered by new bone formation. 


DISCUSSION 


As expected, gentamicin injection into the middle 
ear cavity resulted in severe atrophy of the cochlear 
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and vestibular sense organs. The drug dosage was 
too great or the injection period was too long; 
however, this procedure produced the results that 
served as a baseline for the purpose of comparison. 
When the round window was covered with fat, le- 
sions of the organ of Corti could not be avoided, 
though the damage was reduced by almost half. 
There was no proportional decrease in the incidence 
of vestibular sense organ damage, but the lesions oc- 
curred less frequently. Sensory cell damage oc- 
curred slightly more frequently in the saccular ma- 
culas and cristas of the posterior ampullas than in 
other vestibular sense organs in both groups. The 
drug may remain longer or may be more concen- 
trated in these locations. From these studies it is ap- 
parent that the placement of fat on the round win- 
dow is not the answer for protecting the cochlear 
sensory cells while maintaining the drug’s effec- 
tiveness on the vestibular sense organs. This failure 
is partly due to the fact that the round window is 
not completely sealed; but even if it is completely 
sealed, the effect of the drug on the vestibular sense 
organ is questionable. It is extremely difficult to seal 
the round window completely. Horseradish perox- 
idase (HRP) injected into the middle ear cavity 
passes through the round window even though it is 
covered with dental cement.'® In spite of the fact 
that the oval window was reported to be permeable 
to HRP,” the present study did not show evidence 
that gentamicin enters the vestibule by this route to 
cause large vestibular lesions. 


Simple opening of the lateral canal and covering 
of the fenestra with Gelfoam soaked with gentami- 
cin produces consistent atrophy of almost all vestib- 
ular sense organs, affecting the organ of Corti rare- 
ly if at all. The extent of the lesions depends on the 
size of the fenestra and diffusion of the ototoxic 
drug. Thus, when both the superior and lateral ca- 
nals were opened and gentamicin was applied, 
cochlear sensory cells were affected in some in- 
stances. It was somewhat of a surprise to see that 
the sensory cells of the posterior ampullas became 
atrophic as frequently as those of other cristas, and 
yet rarely was the organ of Corti in the hook region 
affected. The saccular maculas and the cochlear 
sensory cells in the hook region are located closer to 
the site of gentamicin application on the lateral ca- 
nal than to the posterior ampulla. There are many 
factors involved in selective vestibular lesions. One 
interesting possibility is ionic charge of the drug as 
suggested by W. Sewell (Eaton Peabody Lab, per- 
sonal communication). Gentamicin sulfate in stock 
apparently has a positive electric charge, as con- 
firmed by the drug manufacturer (Schering Corp) 
and could be repelled from the endolymph com- 
partment.of the cochlea, in which the Dc potential 
is much higher than in the vestibular endolymph 
compartment. Another possibility is that gentami- 
cin penetrates the endolymphatic wall of the canals 
and moves to other locations. Ototoxic drug injec- 


tion into the endolymphatic space has a more severe 
effect on sensory cell function than does infusion 
into the perilymphatic space.” The membrana lim- 
itans,?*? a little-known membrane, may play a sig- 
nificant role in drug diffusion. This membrane sep- 
arates the cochlea and saccule from the rest of the 
vestibular labyrinth. Gentamicin could be more 
concentrated, remaining longer by being bound in 
trabecular networks of the vestibular compartment 
behind the limiting membrane, thus affecting all 
canal sense organs and utricular maculas while 
sparing the organ of Corti. 


It is interesting to note that the majority of lateral 
canal cristas, located close to the site of drug injec- 
tion, showed sensory cell lesions just about equal to 
those in the other canal cristas. Evidently, genta- 
micin diffuses to other locations rapidly to lessen the 
drug concentration. The drug amount, however, 
makes a difference in severity of the lesion. Thus, 
when both superior and lateral canals were opened 
and gentamicin applied, the lesions were more se- 
vere than those of the lateral canal series, but the se- 
verity among these cristas in each group was about 
the same, respectively. The preliminary study of 
gentamicin application to the posterior canal 
showed utricular atrophy as well as atrophy in three 
canal cristas of almost the same severity. Therefore, © 
gentamicin spreads upward as well as downward; 
the specific gravity does not appear to play a signifi- 
cant role in producing a posterior canal lesion when 
gentamicin is applied to the lateral canal. 


There is a general indication that the utricular 
macula is the most severely affected of the sense 
organs. Sometimes, while the lateral cristas showed 
slight atrophy, the utricular maculas were damaged 
severely. This is contrary to earlier reports that the 
sensory cells of the cristas are more vulnerable than 
those of the utricular maculas.?* The routes of drug 
administration and/or the methods of evaluating 
the extent of damage may make this difference. 
This study confirms that type 1 sensory cells are 
most often affected by aminoglycosides, as previ- 
ously reported.‘ The chalice formed by the nerve 
terminal may be a factor contributing to sensory 
cell sensitivity to ototoxic drugs; it may create an 
environment that retains the drug longer in the cell 
bodies. 


The lateral canal has been a preferred route for 
the vestibular labyrinthotomy to relieve vertigo in 
Meniere’s disease. Injections of alcohol into the 
canal resulted in losses of cochlear and vestibular 
function.” Electric coagulation through the lateral 
canal ended in destruction of the sense organs of the 
pars superior while improving the hearing in a pa- 
tient with Meniere’s disease.7* When large segments 
of the membranous lateral canal were pulled out 
and the canal openings were not covered, a com- 
plete hearing loss occurred.” The fenestration pro- 
cedure in Meniere’s disease resulted in a 75% cessa- 
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tion of vertiginous attacks, but hearing usually 
deteriorated, although in some cases it improved.”° 
The treatment of vertigo with ultrasound’’”*® and 
cryosurgery?’ on the lateral canal met with con- 
siderable success. Experimental studies using these 
techniques showed a very limited vestibular lesion, 
which is confined primarily to the lateral canal 
cristas.°*°'** 


The application of gentamicin to the fenestrated 
lateral canal has an advantage over drug injection 
through the systemic or transtympanic routes in 
that it creates lesions almost exclusively in the 
vestibular sense organs. Thus, the morphologic 
findings suggest that hearing in these animals 
should not be affected or should receive a minimal 
deleterious effect. Sensory lesions in the cristas and 
maculas are generally mild, but more than one 
sense organ is affected, in contrast to ultrasound 
and cryosurgery, and trauma to the facial nerve 
from the drug is unlikely. Selective nerve ablation is 
the most effective treatment for completely elimi- 
nating vestibular function®?** or for curing posi- 
tional vertigo.” However, the technique is not sim- 
ple and requires experience, aside from the possibil- 
ity of complications. The present method is suited 
to a partial reduction of vestibular function and is 
not a replacement for other procedures. It will pro- 
vide an animal model for a vestibular function 
study. With this method other drugs not toxic to the 
sensory cells can be used, for example, to alter se- 
cretory activity of vestibular dark cells. 


The amount of gentamicin entering the inner ear 
via lateral canal fenestration is unknown. In anoth- 
er series, glass pipets were used to inject various 


amounts of gentamicin; however, because of the 
back ‘low of fluid from the injection site in spite of 
the making of another relief hole and breakage of 
the pipets, the results were not entirely dosage- 
predietable. Healing of the fenestras is no problem 
in animals; all openings were sealed with new bone 
in 1 month’s time. In a few instances aggressive 
drillmg to make the fenestras damaged the endo- 
lymphatic wall of the canal, and one animal 
showed a very small lesion in the outer hair cells at 
the basal end. The limbus connective cells some- 
times became atrophic while the sensory cells at ad- 
jacent sites remained normal in the apical turn, but 
this eecurred also in the control ears. Similar lesions 
were observed in other experiments.*° Gelfoam over 
the fenestras may have contaminated the inner ear 


fluics. 


The effect of this lateral canal approach on the 
innerear showing endolymphatic hydrops will be of 
interest. Conceivably, results similar to those of the 
present study are to be expected. On the other 
hand. if the drug penetrates the endolymphatic 
compartment, the effect on the cochlear and vestib- 
ular sensory cells could be more severe.*° Permeabil- 
ity ot the distended membrane and secretory activi- 
ties may be altered in hydropic ears, in which the 
endoeochlear potential is known to decrease.*’~*’ 
Gentamicin remains in cochlear endolymph a long 
time before it is cleared.*° 


Reeently we received the information that strep- 
tomycin has been administered through the lateral 
canals in patients with Meniere’s disease*’ and in 
cats ~ 
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AUTHOR CORRECTION 


Dr T. J. Yoo has requested that the following correction be made in the article “Collagen Components of Bovine Fetal and Guinea Pig 
Cochlear Bone and Human Stapes” (Ann Otol Rhinol Laryngol 1988;97:318-21). In the Fig 2 legend (p 320), the word “bovine” was sub- 
mitted erroneously and should be changed to “chick,” so that the phrase (lines 6 and 7) reads “against chick type II collagen.” 
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OSTEOGENESIS IMPERFECTA OF THE TEMPORAL BONE 
AND ITS RELATION TO OGTOSCLEROSIS 


GEORGE T. NAGER, MD 


BALTIMORE, MARYLAND 


Osteogenesis imperfecta (OI) designates a heterogeneous group of heritable disorders of connective tissue that in addition to bone may 
affect tendons, ligaments, fascia, skin, sclerae, blood vessels, teeth, and hearing. The current classification identifies at least four major 
symdrome groups or types. It also recognizes a considerable number of additional syndromes that may represent supplementary types or 
subgroups. Loss of hearing is the least constant of the prominent features of OI. Its incidence varies between 26% and 60% . In OI, forma- 
tion and remodelling of bone are variously affected. In the temporal bone the development of the inner ear capsule may be involved severe- 
ly. In the stapes the disturbance in lamellar bone formation can lead to extneme thinness, dehiscence, and nonunion of the stapedial 
superstructure with the footplate. Osteogenesis imperfecta can be associated with otosclerosis, another bone dysplasia with a different mor- 
phelogy. Otosclerosis, in turn, may interfere with sound conduction and perception. Thus, the hearing loss encountered in OI may be the 


resalt of OI, otosclerosis, or a combination of both. 


KEY WORDS — osteogenesis imperfecta, otosclerosis, temporal bone. 


Osteogenesis imperfecta (OI) is a genetic disorder 
of connective tissue caused by an error in type I col- 
lagen formation. The salient feature is the proclivi- 
ty to multiple fractures after minor trauma. It is a 
deficiency of osteoblastic activity. Osteogenesis im- 
perfecta is an integral feature of a heterogeneous 
group of inherited connective tissue disorders that 
in addition to bone affects tendons, ligaments, fas- 
cia, skin, sclerae, blood vessels, and teeth.' The in- 


Fig 1. Vertical, anterior, para- 
mediolar section through right 
temporal bone of 18-year-old man 
with type IV osteogenesis imper- 
fecta (H & E, original x7). It dem- 
onstrates severe atrophy of cortex 
of detrous pyramid and bony wall 
of internal carotid artery and in- 
ternal auditory canal. Very thin 
peripheral zone of periosteal layer 
of cochlear capsule is separated 
fram somewhat broader zone by 
pericapsular space with hemato- 
posetic marrow surrounding very 
sperse and delicate trabeculae. 


cidence is one in 20,000, and there is no sex, racial, 
or etanic predilection. 


The current classification of OI is based on rela- 
tively distinct syndromes, each reflecting a different 
defect in type I collagen biosynthesis. Four types of 
OI ane recognized.’ All are associated to some extent 
with blue sclerae, joint laxity, disturbance of den- 
tinogenesis, and to a lesser degree with impairment 
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Fig 3. (Case 1) Vertical, anterior, 
paramodiolar section through left 
cochlea with circumscribed re- 
sorption of periosteal and endo- 
chondral bone over apical turn (H 
& E, original x15). Lack of forma- 
tion of primitive lamellar bone 
and its subsequent transformation 
to mature lamellar bone in peri- 
osteal and endochondral capsule 
layer is result of deficient osteoid 
production. 


Fig 2. Vertical section through left 
temporal bone at level of oval and 
round windows of 10-month-old 
boy with type II osteogenesis im- 
perfecta (H & E, original x15). 
Only remarkable observation is 
extremely thin and fenestrated 
stapedial arch, which consists of 


immature, lamellar periosteal 
bone. 





















Fig 4. (Case 1) Same section as Fig 
3 (H & E, original x250). Differ- 
entiation of fibroblasts to osteo- 
blasts and osteocytes in formation 
of immature lamellar bone of peri- 
osteal layer is clearly visible. 
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Fig 5. (Case 1) Vertical section 
threugh left vestibular capsule at 
level of ampullae of lateral and 
superior semicircular canals (H & 
E, original x11). It demonstrates 
narrowness and immature ossifi- 
cation of periosteal and endochon- 
dra layers. 


<5 


of hearing. Type I is the mildest form. It is dis- 
tinguished by nondeforming fractures that occur in 
chiidhood and usually cease after puberty, but may 
develop with trauma and in postmenopausal wom- 
en. The mode of inheritance is autosomal domi- 
naat. Sporadic instances probably reflect new mu- 
tations. 


Type II is the most severe and almost always 
lethal form. Multiple fractures develop during in- 
trauterine life, with death occurring in utero, short- 
ly after birth, or often within the first year of life. 
Death may occur from an intracranial hemorrhage 
prior to or during parturition, possibly associated 
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with a bleeding tendency, and from cerebral dam- 
age resulting from a lack of protection by a poorly 
calcified cranial vault. Another cause may be the 
respiratory embarrassınent caused by the abnormal 
softness of the thoracic cage and the effect of a flail 
chest resulting from multiple and repeated rib frac- 
tures." The fetus appears as a soft and boneless 
newborn. The inheritance is autosomal recessive, 
but new mutations often occur. 







Type II is less severe, and frequently compatible 
with life. The formidable deformity of the long 
bones, the stunted stature, the joint laxity, and the 
triangular facial appearance are characteristic. 


Fig 6. (Case 1) Vertical section 
through left petrous pyramid at 
level of oval and round windows 
(H & E, original x13). Periosteal 
bone that forms stapedial arch is 
extremely thin and in several 
places dehiscent (arrows); hence 
there is no firm connection be- 
tween arch and footplate of 
stapes. 
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Ambulation is not possible, and progressive scoliosis 
may eventually result in cardiopulmonary failure. 
It is autosomal recessive, with spontaneous muta- 
tions also being observed. 


Type IV usually leads to some deformity of the 
long bones and requires external bracing or intra- 
medullary splinting for ambulation. Dominant in- 
heritance and recessive inheritance are recognized.’ 


RADIOGRAPHIC FEATURES 


The long tubular bones disclose a wide variety in 
appearance due to the superposition of fractures, 
deformation, immobilization, and joint laxity. In 
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Fig 7. (Case 1) Vertical section 
through left labyrinth. A) With cross 
sections through all semicircular 
canals (H & E, original x13). Cortical 
bone of petrous pyramid is extremely 
thin and in some places dehiscent. 
Trabeculae of spongiosa are very 
scarce, delicate, and immature. B) 
Osseous wall of posterior semicircular 
canal is reduced to very thin layer of 
endosteal bone and very small layer of 
immature endochondral bone (H & 
E, original x50). 


OI type II the shafts of the long bones are generally 
thick, shortened, and crumpled and display multi- 
ple fractures with callus formations. Femora and 
tibiae may be bowed. The vertebral bodies are flat- 
tened, and the ribs are continuously beaded with 
fracture calluses. With the exception of the petrous 
pyramids, the skull is poorly ossified. The calvaria 
may be entirely membranous (caput membrana- 
ceum) or display numerous wormian bones in a mo- 
saic-like pattern. 


Some infants with OI type III also are affected 
severely. Their limbs are broad and bowed, but 
lack the crumpled appearance. Occasionally they 
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Fig 8. (Case 2) Radiographs. A) Lateral view of skull at age 51 displaying decrease in vertical diameter of calvaria, occipital bulging 
over narrow base (“overhanging occiput”), thinning of cranial vault, and platybasia. Two tables are approximately one third of ncr- 
mal thickness, and interdiploic space is reduced considerably. Alveolar ridges are small and edentulous. (Reprinted with permis- 
sion.') B) Pelvis at age 63 reveals extreme osteoporosis, central protrusion of acetabula, coxa vara of femoral shafts, and shepherd’s 
crook deformities of femoral necks. (Reprinted with permission from Milgram JW, Flick MR, Engh CA. Osteogenesis imperfecta. A 
histopathological case report. J Bone Joint Surg 1973;55:506-15.) C) Left proximal femur at age 69 showing nonunited fracture of 
femoral neck, thin reticular pattern of spongiosa, and sclerosis of surfaces of pseudarthrosis. (Reprinted with permission.') D) Left 
tibia and fibula (macerated) revealing 90° bowing, diaphyseal tapering andsattenuation with relative flaring of metaphyses of tibia, 
and compensatory hypertrophy at center of arch of fibula. (Reprinted with permission from Milgram et al.) E) Thin slice of segment 
of thoracic and lumbar spine demonstrating marked osteoporosis with scoliosis, flattening, collapse and hourglass deformity of ver- 


tebrae. (Reprinted with permission.') 


show longitudinal compression and telescoping. 
The ribs may exhibit multiple fractures with con- 
tinuous beading. 


In OI types III and IV, the shafts of the tubular 
bones are generally slender and fragile. The cortex 
is thin and delicate, the spongiosa is trabeculated 
poorly, and the diaphyseal width is reduced con- 
siderably. The femur may show a shepherd’s crook 
deformity of the neck. The tibiae often display an 


anterior bowing that gives rise to a saber-shin defor- 
mity. The flat bones are also altered in contour. The 
pelvis often displays a triradiate shape deformity, 
best recognized in older children and adolescents, 
with a central protrusion of the acetabula, a de- 
crease in its inner dimensions, and a flaring of the 
iliac wings. The ribs frequently exhibit multiple 
fractures, callus formations, and irregular forms. 
Other skeletal deformities include the conic or 
beehive configuration of the thorax, the pectus ex- 
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cavatum or carinatum deformity of the chest, and 
kyphoscoliosis. The severe osteoporosis predisposes 
to a collapse of the vertebrae with shallow bicon- 
cave deformities and to widening of the interver- 
tebral spaces.’ The calvaria is distended and the oc- 
ciput may be overhanging. The bossing of the fron- 
tal and temporal bones with the broadening of the 
forehead give the face the characteristic triangular 
configuration. As a result the ears tend to be dis- 
placed outward and to point downward. The skele- 
tal proportions and facial appearance are so typical 
that the condition becomes easily recognizable. ' 


CLINICAL FEATURES 


The blueness or translucency of the sclerae con- 
stitutes the most frequent manifestation of OI. It is 
the salient ocular feature of the disease. Occasional- 
ly it may be absent in the presence of an otherwise 
well-documented syndrome. The color is a reflec- 
tion of the intraocular pigment that becomes visible 
through the thin sclera. 


The skin reveals a characteristically thin and 
translucent texture. This reflects the inability of the 
body to transform immature, fetal collagen of the 
chorium into the mature, adult form.‘ 


The deciduous and permanent teeth are often af- 
fected. Their yellowish brown or translucent bluish 
gray coloration is attributed to an abnormality of 
dentin formation, whereas the enamel is considered 
to be fundamentally normal.5 


Loss of hearing is the least constant of the promi- 
nent features of OI. It was first reported by Adair- 
Dighton‘ in 1912. Van der Hoeve and de Kleyn’ in 
1918 provided the most detailed description of its 


Fig 9. (Case 2) Vertical section 
through right temporal bone at level 
of apex (H & E, original x7). Ab- 
sence of superior cortex of petrous 
pyramid and adjacent osseous wall 
of internal carotid artery resulted in 
direct apposition of fifth cranial 
nerve and its gasserian ganglion 
with artery. Medial cortex of pyra- 
mid and trabecular network are ex- 
tremely thin. 


association with OI and blue sclerae. The incidence 
varies between 26% and 60% .° It generally mani- 
fests itself in the late second or early third decade of 
life. As a rule younger patients have a conductive 
loss, while older patients suffer from a mixed or sen- 
sorineural hearing impairment.’ Evidence has been 
established that the conductive hearing loss in OI 
occasionally may be the result of a fracture or a 
localized dehiscence of the stapedial arch, distal 
atrophy or absence of the long process of the incus, 
or a fixation of the stapedial footplate.'°” 


In type IV OI, a sheer latticework of slender tra- 
beculae may separate the periosteal layer of the 
cochlear capsule (Fig 1). In type II OI, the stapedial 
arch may be dehiscent, fenestrated, or very thin 
(Fig 2). In type I, or mild “subclinical” expression, 
a severe osteoporosis of the petrous apex and a very 
delicate or atrophic stapedial arch may be the sole 
evidence of the disease. 


The following two cases illustrate the morpholog- 
ic changes encountered in the temporal bones in OI 
type II and type IV. 


CASE REPORTS 


Case 1. A male infant, born after a full-term 
pregnancy, was after a single breath unable to sup- 
port respiration. The cochlear and vestibular cap- 
sule reveals a normal configuration with a three- 
layered structure (Fig 3). The endosteal layer hard- 
ly is affected. The endochondral layer consists of ir- 
regular spicules of cartilage, bordered by a bluish 
cement line and embedded in immature lamellar 
bone. The periosteal layer exhibits a more dense, 
regular, and parallel arrangement of weblike bone. 
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Fig 10. (Case 2) Vertical, midmo- 
diotar section through right temporal 
bone. A) All portions of temporal 
bome exhibit areas of otosclerotic 
remodelling (H & E, original x9). In 
some regions of otic capsule all three 
layers have been replaced with oto- 
sclerotic bone. B) Higher magnifica- 
tion of otosclerotic process adjacent to 
lower basal turn displays characteris- 
tic stage of otosclerotic bone remodel- 
ling (H & E, original x200). There is 
evidence of simultaneous bone resorp- 
tion and replacement proceeding in 
highly cellular marrow spaces. Imme- 
diately adjacent are less cellular mar- 
row spaces containing numerous, di- 
lated blood vessels. 


The differentiation from fibroblasts to osteocytes is 
clear (Fig 4). In the vestibular capsule the periosteal 
layer is very thin and in some areas dehiscent (Fig 
5). The stapedial arch is extremely thin and in- 
complete (Fig 6). The bony capsule of the semicir- 
cular canals displays similar abnormalities (Fig 7). 


Case 2. A 69-year-old woman had suffered nu- 
merous fractures before puberty and after meno- 
pause, but few in between. The abnormal blueness 
of her sclerae had been noticed since childhood. She 
had lost all her teeth at an early age. The onset of a 
bilateral progressive loss of hearing and tinnitus was 
first noticed at the age of 20. It had developed to a 
severe combined impairment by the age of 51. Ra- 
diographs of the skeleton showed a generalized os- 
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teoperdsis, platybasia, kyphoscoliosis, bowing of 
the femora and tibiae, and a pseudarthrosis of the 
femoral neck (Fig 8). Her temporal bones display 
the coexistence and manifestations of two indepen- 
dent bone diseases: OI and otosclerosis. The ex- 
treme thinning and deficiency of the cortical bone 
and tke trabeculae of the spongiosa are a typical 
refleet.on of OI (Fig 9). In addition, vast areas of 
the otse capsule and of the walls of the tympanic 
cavity and internal auditory canal have been re- 
placed by otosclerotic bone (Fig 10). This remodel- 
ling p-ocess resulted in concentric overgrowth of 
the oval window and complete obliteration of the 
round window niche (Fig 11). The stapes footplate 
has become jammed in a distorted oval window 
frame and ankylosed. The crural arch, not involved 
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in otosclerosis, is extremely thin and in some areas 
dehiscent and replaced by fibrous tissue (Fig 12). 


CASE ANALYSES 


Analysis of case 1 reveals that in OI type II, the 
most severe expression of the disease, the entire 
cochlear and vestibular capsule exhibits evidence of 
deficient osteoid formation. However, the perios- 
teal and endochondral capsule layers are affected 
the most severely. The periosteal layer is very thin 


Fig 12. (Case 2) Vertical section 
through right temporal bone in 
center of oval window (H & E, 
original x19). Broad ankylosis 
firmly fixes otosclerotically re- 
modelled and dislocated footplate 
to extensive otosclerotic process in- 
volving superior oval window 
margin and fallopian canal. Mu- 
coperiosteum overlying footplate 
is greatly thickened and very vas- 
cular. 


Fig 11. (Case 2) Vertical section 
through right temporal bone at 
level of anterior oval window and 
round window (H & E, original 
x12.8). Massive otosclerotic bone 
involvement resulted in complete 
obliteration of round window, 
overgrowth and concentric nar- 
rowing of oval window niche, 
severe distortion of oval window 
margin, and jamming, immobili- 
zation, and dislocation of otoscle- 
rotically remodelled stapedial 
footplate. 


and in some areas dehiscent. Many of its delicate 
trabeculae are covered only partially by a single 
layer of osteoid bone. In the endochondral layer ir- 
regular spicules of cartilage are bordered by rug- 
ged, dark bluish cement lines and embedded in im- 
mature lamellar bone. In many places little osteoid 
bone has been deposited upon these cartilage 
spicules. The marrow spaces are remarkably wide. 
Malleus and incus display a very thin shell of poorly 
developed periosteal and endochondral bone sur- 
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rounding a large central space occupied by hema- 
topoietic marrow. The stapedial arch is abnormally 
thin, deformed, and dehiscent. 


Analysis of case 2, an example of OI type IV and 
a less severe form of the disease, reveals the si- 
multaneous occurrence of OI and otosclerosis. Os- 
teogenesis imperfecta is manifested by the marked 
osteoporosis of the petrous pyramid with the ex- 
treme thinning of the cortex and the trabeculae of 
the spongiosa, as well as by the delicacy and de- 
hiscence of the stapedial arch. The otosclerotic pro- 
cess, on the other hand, is characterized by its ex- 
tensive and multicentric involvement of the inner 
ear capsule by the complete obliteration of the 
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round window and subtotal occlusion of the oval 
window and by the distortion and ankylosis of the 
stapecial footplate. It is solely responsible for the 
patient’s severe hearing loss. 


Otesclerosis may be part of the OI syndrome. In 
instances in which the two coexist, their morpho- 
logic differences are clearly distinguishable. They 
represent different bone dysplasias. The relation of 
otosclerosis to OI is analogous to that of hereditary 
dentinogenesis imperfecta and OI. Both conditions 
may oecur as part of OI or as an isolated abnormali- 
ty. The hearing loss encountered in OI may be the 
result of OI, of otosclerosis, or of a combination of 
the two. 
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MAGNETIC RESONANCE IMAGING OF THE POSTERIOR 
CRANIAL FOSSA 
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Magnetic resonance imaging has acquired a leading role in the assessment of the posterior cranial fossa, base of the skull, and neck. 
Several technical improvements, such as further refinement of surface coils, fast scanning, and paramagnetic agents, have enhanced the 
diagnostic capability of this imaging technique. It is extremely useful in the differentiation of pathologic processes arising from or involving 
the petrous pyramids, such as congenital cholesteatomas, cholesterol granulomas, and glomus tumors. It is the study of choice for both 
extra- and intra-axial lesions in the posterior cranial fossa. The magnetic characteristics of the most common lesions are reviewed in this 


paper. 


KEY WORDS — magnetic resonance imaging, posterior cranial fossa. 


Magnetic resonance imaging has acquired a lead- 
ing role in the assessment of the posterior cranial 
fossa, base of the skull, and neck." It is the purpose 
of this paper to review briefly some of the recent im- 
provements in MRI techniques, establish the role 
and value of MRI in the study of temporal bone dis- 
ease, and demonstrate the advantage of MRI in 
evaluation of the posterior cranial fossa. 


TECHNICAL ADVANCES 


The most noticeable improvement in data ac- 
quisition and therefore definition of the images has 
been obtained by the refinement of receiver coils 
into surface coils, which are placed adjacent to the 
areas under investigation. The main advantage of 
surface coils is the improvement in signal-to-noise 
ratio. 


Another improvement has been achieved by the 
introduction of paramagnetic agents that are in- 


jected intravenously. At the present time the most 
commonly used is gadolinium DPTA. If the blood- 
brain barrier is disrupted, the paramagnetic agents 
will pass within the tissue of the lesion, producing a 
marked increase in the MRI signal on the Tl- 
weighted images and a slight decrease on the T2- 
weighted images. 


Finally, a more recent breakthrough has opened 
the possibility of obtaining MR images in far shorter 
and even subsecond times. T2-like images can be 
obtained with very short repetition time and short 
echo time by applying small angle flips to maintain 
the transverse magnetization. Although definition 
of the images is at present not as good as that of 
standard images, new information may be acquired, 
such as the visualization of blood vessels in positive 
mode. The high signal emitted by the magnetized 
protons of the blood is lost in standard images, 
because these protons have moved outside the tissue 





Fig 1. Basilar artery aneurysm. A) Midline T1 sagittal section (600 TR/20 TE) showing CSF in prepontine cistern. Basilar 
artery is not recognizable. B) Midline sagittal section, fast sean (21 TR, 12 TE), shows basilar artery and aneurysm (arrow) as 


areas of high signal intensity. 








From the Berwyn Magnetic Resonance Center, Berwyn, Illinois. 
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SIGNAL INTENSITIES IN Tl- AND T2-WEIGHTED IMAGES 


Middle ear and petrous pyramid lesions 
Cholesteatema 
Cholesterol granuloma 
Meningocele 
Encephaloeele 
Glomus tumor 
Cerebellopontine angle lesions 
Seventh and eighth cranial nerve neuromas 
Meningioma 
Lipoma 
Vascular lesions 
Arachnoid cyst 


section under investigation by the time the signal is 
picked up. In rapid imaging technique, since the 
echo time is short, the signal emitted by the protons 
of the moving blood is recorded instead. Vascular 
anatomy and diseases are clearly demonstrated by 
these magnetic angiograms (Fig 1). 


TEMPORAL BONE DISEASE 


Computed tomography remains the study of 
choice for intratemporal disease, since bony land- 
marks and details are demonstrated clearly by this 
technique, whereas they are often not recognizable 
by MRI. However, if the lesion extends outside the 
confines of the temporal bone, MRI usually shows 
both extracranial and intracranial involvement 
more clearly than CT and without the need for in- 
jection of contrast agents. This is particularly true 
in the neck, where tumor enhancement is often in- 
distinguishable in CT sections from similar en- 
hancement of the adjacent muscles. By MRI, the 
signal intensity of the tumor cannot be confused 
with signal of the adjacent muscles, so that the 
boundary of the lesion can be outlined precisely. 


Magnetic resonance imaging is often more useful 
than CT in differentiation of pathologic processes 
arising in the temporal bone or extending into it 
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Tl T2 
Medium High 
High High 
Low (as CSF) High (as CSF) 
Medium (as brain) Medium low (as brain) 
Medium nonhomogeneous Similar to T1 
Medium High 
Low Low or high 
High Low 
Mixed: low and high Same 
Low (as CSF) High (as CSF) 


from adjacent structures. Computed tomography 
and MRI in some cases are complementary, CT 
showing the margin of the bony erosion forming the 
shell of the lesion and MRI demonstrating the ac- 
tual mass within the area of bony involvement. 


The magnetic characteristics of the most common 
lesions of the temporal bone are reviewed in the 


Table. 


Acquired or Congenital Cholesteatoma. The 
mass has a homogeneous medium signal intensity 
similar to that of grey matter on the Tl-weighted 
images, but a higher signal on the T2 sections (Fig 
2). 


Cholesterol Granuloma. The mass appears 
brightcr because of the high signal on both T1 and 
T2 images. Often areas of low signal or void are no- 
ticed at the periphery of the lesion because of depo- 
sition of hemosiderin (Fig 3). 


Meningocele and Encephalocele. Both lesions are 
difficult to diagnose by CT and often require the in- 
trathecal injection of metrizamide. By MRI, both 
lesions are unmistakable: meningoceles have a sig- 
nal identical to that of CSF, low on T1 and bright 
on T2 images. Encephaloceles appear as masses of 





Fig 2. Corona! MRI showing extradural congenital cholesteatoma eroding right mastoid and protruding into external auditory ca- 
nal. Signal of mass is of medium intensity in A) spin density section, but higher in B) T2 image. 
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Fig 3. Cholesterol granuloma on A) spin density- and B) T2-weighted images. Large mass of high signal intensity in both 
sequences is demonstrated in region of left petrous apex. Notice areas of low signal or void within mass. 


medium intensity identical to that of the adjacent 
brain tissue. 


Glomus Tumor. The tumor mass produces a me- 
dium to low signal on both T1 and T2 images that is 
typically nonhomogeneous. Multiple areas of signal 
void are observed within the mass, produced by the 
numerous blood vessels within the tumor (Fig 4). 


Posterior Cranial Fossa. Pathologic processes in- 
volving the auditory and vestibular functions may 
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be extra-axial or intra-axial. In both groups MRI 
has become the study of choice. Extra-axial lesions 
include acoustic and facial neuromas, meningio- 
mas, arachnoid cysts, lipomas, and aneurysms (see 
Table). 


Cranial Nerve Neuroma. Seventh and eighth cra- 
nial nerve neuromas appear on the Tl images, 
brighter than CSF and isointense to grey matter. 
On the T2 images the neuroma is brighter than 
brain but isointense to CSF. Large tumors are iden- 
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Fig 4. Left glomus jugulare tumor, surface coil spin density-weighted images. A) Coronal. B) Sagittal. Large soft tissue mass (ar- 
rows) of medium intensity erodes undersurface of petrous pyramid, skeletonizing cochlea (arrowhead). Mass erodes hypotympanic 
floor and extends in middle ear space (A). Tumor fills and expands jugular fossa (B). Carotid artery (arrows) is not involved. Notice 


areas of void within mass due to blood vessels. 
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"ig 5. Facial nerve neuroma. A) Coronal T1. B) Axial spin density- (top) and axial T2-weighted (bottom). Soft tissue mass of signal 


intensity higher than that of CSF fills left internal auditory canal (A) 


trudes into middle cranial fossa (B, arrow). 


tified easily in both sequences, but small intra- 
canalicular tumors can be detected only on Tl im- 
ages, since on T2 they are obscured by the isointense 


CSF*“ (Fig 5). 
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Fig 6. Meningioma of right cerebellopontine cistern. Coro- 
nal images, spin density- (top) and T2-weighted (bottom). 
Large soft tissue mass (arrows), of medium signal intensity 
in spin density-weighted, but low intensity in T2 image, 
fills right cerebellopontine cistern and right side of prepon- 
tine cistern. 


. Tumor involves labyrinthine segment of facial nerve and pro- 


Meningioma. The lesion has a signal intensity 
lower than that of brain on the T1 sequence. On the 
T2 images the lesion has variable characteristics, 
either a pathognomonic further decrease in signal 
intensity, or a nonspecific increase in brightness 
(Fig 6). En plaque lesions and bony hyperostotic 
changes are demonstrated far better DGT? 


Arachnoid Cyst. The magnetic characteristics are 
identical to those of CSF, namely low intensity on 
Tl and high intensity on T2 images. 


Lipoma. Intracanalicular lipomas cannot be dif- 
ferentiated by CT pneumocisternography from oth- 
er space-occupying lesions. By MRI, the mass is seen 
clearly on Tl images because of its high signal in- 





Fig 7. Coronal T1 image of lipoma of left internal auditorv 
canal. High-intensity mass fills midportion of canal (ar- 
row). 
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tensity, but it is often obscured on T2 by the bright- 
er CSF (Fig 7). 


Aneurysm. Aneurysms may arise from the basilar 
or vertebral arteries or any of their branches. The 
lesion usually is characterized on both Tl and T2 
images by a ring of no signal produced by deposits 
of hemosiderin surrounding a core of high intensity 
due to the clotted blood. A small area of void can be 
seen in the center, produced by flowing blood with- 
in the patent portion of the lesion. 


INTRA-AXIAL DISEASE 


The most common pathologic conditions affect- 
ing the central vestibular and auditory pathways 
are demyelinating processes, vascular abnormali- 
ties, and tumors. 


Demyelinating Processes. Plaques of multiple 
sclerosis, the most common of the demyelinating 
processes, appear as areas of increased signal inten- 
sity best seen on the T2 images. The lesions, which 
are variable in size and often confluent, are ob- 
served most commonly in the periventricular white 
matter, centrum semiovale, pons, and medulla ob- 
longata.° 


Vascular Disease. Changes similar to those pro- 
duced by multiple sclerosis, but usually located 
more peripherally at the grey-white matter junc- 
tion, are produced by microvascular insults with 
consequent small areas of brain tissue ischemia. In- 
traparenchymal hematomas older than 48 hours 
usually appear on MRI as areas of high signal inten- 
sity on both T1 and T2 images because of the con- 
version of hemoglobin into methemoglobin. Vascu- 
lar malformations have a nonspecific appearance, 
namely a high-signal intensity lesion surrounded by 
a ring of no signal and often containing punctate 
areas of low signal.’ 


Tumor. Benign and malignant brain tumors of- 
ten involve and encroach upon the auditory and 
vestibular pathways. Benign lesions are well de- 
fined, usually not surrounded by edema, and often 
cystic in type. The signal intensity of the lesion 
depends upon the chemical characteristics of the 
fluid. Malignant tumors are poorly defined, usually 
of low or medium intensity in the Tl images, and 
high intensity on the T2 sections. The lesions are 
surrounded by edema, which on the T2 sequences is 
often isointense to the tumor mass, thus obscuring 
the margin of the lesion." 
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OF CHOLESTEROL GRANULOMAS AND CHOLESTEATOMAS 
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Cholesterol granulomas and cholesteatomas are expansile, destructive lesions of the petrous apex that occur more frequently than we 
previously realized. Having obscure causes, they grow silently, often reaching impressive proportions, until they encroach on adjacent cra- 
nial nerves or the otic capsule. The lesions have distinguishing histopathologies, early clinical manifestations, and neuroradiographic fea- 
tures that, when integrated, allow for a critical preoperative differentiation. Cholesterol granulomas are treated effectively through inter- 
nal marsupialization into the mastoid or middle ear cavity. Cholesteatomas, however, are managed usually by a much more aggressive and 
complicated exteriorization or exenteration. Selected case reports are used to emphasize salient clinical and radiographic features and peri- 


operative management. 


KEY WORDS — cholesteatoma, cholesterol granuloma, petrous apex, temporal bone. 


INTRODUCTION 


Cholesterol granulomas and cholesteatomas are 
perhaps the two most common destructive lesions 
found in the petrous apex. In the past, their seem- 
ingly similar clinical and radiographic features 
were largely responsible for the diagnostic and 
management dilemmas that were encountered in 
patients with either of these entities. The following 
cases illustrate the difficulties one may experience in 
differentiating and treating these unusual lesions. 


CASE REPORTS 


Case 1. A 24-year-old man had a 2-year history of 
a progressive right-sided hearing loss, episodic dys- 
equilibrium, and parietal headache. The physical 
examination was entirely unremarkable except for a 
Weber test that lateralized to the left ear at 512 Hz. 
An audiometric evaluation revealed a moderate to 
severe, sloping sensorineural hearing loss on the 
right side. 


Contrast computed tomography revealed a non- 
enhancing, erosive lesion of the right petrous apex 
that involved the internal auditory canal, cerebello- 
pentine angle, and jugular fossa (Fig 1A). Magnetic 
resonance imaging suggested an expansile lesion of 
the right petrous apex that gave a high intensity 
signal on both Tl- and T2-weighted images (Fig 
1B,C). Carotidovertebral angiography revealed an- 
terior displacement of the petrous poftion of the 
right internal carotid artery without any evidence 
of a tumor blush. 


These radiographic findings suggested a preoper- 
ative differential diagnosis of cholesteatoma, cho- 








lesterol granuloma, teratoma, or lipoma of the pe- 
trous apex. Because of the size, location, and degree 
of uncertainty as to the precise nature of the lesion 
(Fig 1D), the patient was prepared for an infratem- 
poral fossa approach to a resection of his lesion. Ini- 
tial access included elevation of an extended auricu- 
loparotid flap and preliminary ligation of both the 
internal jugular vein and sigmoid sinus. On removal 
of the bone around the jugular fossa deep to the 
mastoid segment of the facial nerve, a distensible, 
bluish mass was encountered that distorted the jug- 
ular bulb. Incision of the mass resulted in an out- 
pouring of a large quantity of yellowish brown liq- 
uid. These findings were consistent with a choles- 
terol granuloma. Permanent fistulization was 
achieved with the placement of a large Silastic cath- 
eter between the granuloma cavity and the mas- 
toid. 


In the early postoperative period, the patient 
reported a substantial gain in his hearing that was 
confirmed on a repeat audiometric evaluation (Fig 
1E). At the 3-year postoperative interval, he re- 
mains free of recurrent symptoms. 


Case 2. A 14-year-old girl complained of left- 
sided facial twitching and numbness over a 
4-month period. Beginning at 3 years of age, she 
had undergone insertion of tympanostomy tubes for 
chronic secretory otitis media on four separate occa- 
sions. 


The physical examination confirmed the presence 
of paroxysmal twitching of her left upper face. Pa- 
tent, intact tympanostomy tubes were present bilat- 
erally without evidence of an underlying effusion. 
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An audiometric evaluation showed a mild, sloping 
sensorineural hearing loss on the left. 


High-resolution CT of the temporal bones revealed 
a mass in the left petrous apex that eroded the ver- 
tical portion of the carotid canal, the clivus, and the 
medial wall of the internal auditory canal (Fig 2A). 
Magnetic resonance imaging showed a 4 x 3 x 
2.5-cm homogeneous mass in the left cerebellopon- 
tine angle with a high signal intensity on both 
Tl-and T2-weighted images (Fig 2B,C). On the 
basis of our previous experience, these findings sug- 
gested an apical cholesterol granuloma. 


The patient underwent a decompression of her le- 
sion through a middle cranial fossa approach. As- 
piration of the granuloma resulted in the return of 
brownish yellow liquid. Inspection of the cavity 
revealed the presence of multiple fibrous adhesions 
that loculated the granuloma. Following an exten- 
sive adhesiolysis, a Silastic shunt was placed be- 
tween the midportion of the cavity and the mastoid 
antrum. 


Preoperative bone, 
conduction AD 


500 1000 





Fig 1. (Case 1) A) Postinfusion 
axial CT section showing de- 
structive lesion of right petrous 
apex that is nonenhancing and 
isodense with brain. Note thin 
margin of bone posteriorly (ar- 
rows). B,C) Coronal MRI sec- 
tions demonstrating large mass 
of right petrous apex charac- 
terized by high, homogeneous 
signal intensities. B) Tl-weighted 
sequence. C) T2-weighted se- 
quence. D) Artist's interpreta- 
tion of location (arrows) and 
extent of apical cholesterol 
granuloma. E) Sequential au- 
diometric results that docu- 
ment improvement in hearing 
following decompression of 
apical cholesterol granuloma. 


Postoperative bone 
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The patient complained of recurrent facial 
twitching 7 months following her initial procedure. 
An MRI at that time suggested reexpansion of the 
granuloma. The previously placed shunt, although 
patent, was removed and replaced with a larger- 
bore, fenestrated Silastic catheter that extended 
deeper into the cavity. She remains asymptomatic 8 
months following her shunt revision. 


Case 3. A 33-year-old man presented with a 
6-month history of left-sided otalgia, otorrhea, and 
facial pain. Sixteen years previously he sought treat- 
ment for a progressive facial paralysis with xeroph- 
thalmia and deafness on his left side. Treatment at 
that time was confined to a transposition of the tem- 
poralis muscle in an attempt to provide him with 
facial animation. He remained otherwise asympto- 
matic over the interval. 


On examination, a complete left facial paralysis 
was confirmed. Inspection of the left ear revealed a 
dry tympanic membrane perforation through which 
a mesotympanic mass could be seen. An audiomet- 
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Fig 2. (Case 2) A) High resolution axial CT section of left temporal bone showing apical lesion that has destroyed portion of carotid 
canal. B) Axial Tl-weighted MRI demonstrating high signal intensity apical lesion with indentation of adjacent brain stem. C) Co- 


ronal T2-weighted MRI showing compression of pons and brain st 


ric evaluation revealed a profound sensorineural 
hearing loss on the left. 


High resolution CT showed a nonenhancing, ho- 
mogeneous, sharply marginated lesion that ap- 
peared to replace a major portion of the left tem- 
peral bone (Fig 3A). The mass was capped by a 
small quantity of air and appeared to displace the 
temporal lobe in an extradural fashion (Fig 3B,C). 
On MRI, the apical abnormality exhibited a moder- 
ate intensity signal on Tl-weighted images and a 
high intensity signal on T2-weighted images (Fig 
3D). 


On the basis of these clinical and radiographic 
findings, the patient was thought to have an apical 
cholesteatoma. 


The diagnosis was confirmed intraoperatively 
when the cholesteatoma matrix was exteriorized 
through a tramscochlear approach. A transposition 
of the horizontal and labyrinthine segments of the 
facial nerve and a removal of the labyrinth and a 
partion of the cochlea was performed to provide 
sufficient aeration of the cavity. Associated findings 
included a dehiscence of the petrous part of the in- 
ternal carotid artery canal, attenuation of the mid- 
dle cranial fossa dura, and erosion of the floor of the 
internal auditory canal with compression, but not 
destruction, of the overlying neural complex. 


At the 3.5-year postoperative interval the patient 
has an extensive but dry, trouble-free cavity. There 
has been no recovery of facial nerve function. 


DISCUSSION 


Causation. The term cholesterol granuloma is 
used to describe the granulomatous response of tis- 
sue to cholesterol as seen microscopically. Such oth- 
er terms as chocolate cyst, blue-dome cyst, and 


em. 


giant cholesterol cyst have been used to describe its 
macposcopic appearance: a cystic structure filled 
with yellowish, brown, or green liquid of a variable 
viscosity. While a cholesteatoma is lined by kerati- 
nizimg squamous epithelium, a cholesterol granu- 
loma is lined by fibrous connective tissue that may 
be quite thin. Cholesterol granulomas are seen in a 
number of otologic disorders that are characterized 
by a lack of aeration of a previously air-filled space. 
The esion has been induced experimentally in the 
ear cf a squirrel monkey by occlusion of its eusta- 
chiam tube for an extended period of time! and in 
the middle ear of a guinea pig through the injection 
of a sterile suspension of cholesterol.? Finally, a ma- 
jority of apical granulomas occur in patients who 
have radiographic evidence of well-pneumatized 
petrows apices.* On the basis of this evidence, it 
woul appear that primary or secondary obstruc- 
tion of the air cell system within the petrous apex is 
a plausible explanation for the evolution of an api- 
cal cholesterol granuloma. 


There is little consensus of opinion regarding the 
pathogenesis of a cholesteatoma of the petrous apex. 
Called epidermoids, congenital cholesteatomas, or 
primary cholesteatomas by various authors, apical 
cholesteatomas are thought by some to arise from 
congenital epithelial rests within the petrous por- 
tion of the temporal bone.* Other investigators con- 
tend that they represent the apical extension of ac- 
quired cholesteatomas that arise in the middle ear 
cleft. * Based upon our experience and review of the 
literature, the concept of a congenital choleste- 
atom that originates in the petrous apex and pro- 
duces signs and symptoms referable to the middle 
ear as it extends into this area is most compelling. 


Clinical Manifestations. Apical cholesteatomas 
and cholesterol granulomas typically remain silent 
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until they reach an advanced stage of development. 
Symptoms and signs related to these lesions are due 
to their involvement of adjacent neurovascular 
structures and may be quite nonspecific early in 
their disease course. They often are diagnosed in pa- 
tients who cannot relate antecedent otologic symp- 
toms. Our review of the literature suggests that 
apical cholesterol granulomas occur far more fre- 
quently than cholesteatomas and are decidedly 
more common than previously believed. 


Most patients with apical cholesterol granulomas 
present with a hearing loss from encroachment on 
the cochlear nerve within the internal auditory 
canal or cerebellopontine angle. Another common 
complaint is that of a dull parietal or temporal 
headache. The effect of the granuloma on the ves- 
tibular portion of the eighth cranial nerve is usually 
so gradual that patients are unaware of the deficit. 
A conductive hearing loss may result from eusta- 
chian tube obstruction or compression as the lesion 
extends anteriorly and inferiorly in the middle cra- 
nial fossa. The efferent portion of the facial nerve is 


Fig 3. (Case 3) A) Axial CT section 
revealing destructive lesion of left 
petrous bone that is encircled by 
pockets of air. B,C) Coronal MRI 
sections demonstrating large, ero- 
sive mass in left petrous bone that 
gives low-intensity signal in Tl- 
weighted sequence (B) and high- 
intensity signal in T2-weighted se- 
quence (C). D) Artist’s illustration 
of large apical cholesteatoma that 
is capped by air and displaces ad- 
jacent temporal lobe. 


relatively resistant to compression by the granu- 
loma and it is unusual for a patient with the disor- 
der to manifest an overt facial paralysis. It is com- 
mon, however, for patients to complain of isolated 
facial twitches (case 2) or dysgeusia due to neural ir- 
ritation. With continued expansion, the lesion can 
extend 1) anteriorly to invade the carotid canal and 
deform or compress the eustachian tube, 2) medial- 
ly to erode the clivus and displace or distort the 
cavernous sinus, 3) posteriorly to result in a clinical- 
ly significant compression of the brain stem, and 4) 
inferiorly to erode the jugular fossa and/or hypo- 
glossal canal, resulting in an associated paresis of 
cranial nerves IX, X, XI, and XII. Although the 
dense bone of the otic capsule is relatively resistant 
to invasion, erosion of the basal turn and modiolus 
has been documented.’ Unless the granuloma has 
extended into the middle ear cleft or causes an ob- 
struction of the eustachian tube, the otoscopic ex- 
amination is unremarkable. 


In contrast, patients with apical cholesteatomas 
most often present with a facial palsy that may be 
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acute, progressive, or even recurrent.** The paraly- 
sis often is accompanied by a progressive sensori- 
neural hearing loss due to destruction of the otic 
capsule or compression of the cochlear nerve in the 
auditory canal. Expansion of the cholesteatoma into 
the middle ear cleft or eustachian tube may result in 
a superimposed conductive hearing loss. Although 
patients rarely complain of vertigo or imbalance, 
mest have a reduction or absence of a vestibular re- 
sponse to caloric stimulation.* These lesions usually 
remain extradural. With continued growth, how- 
ever, adjacent dura may become quite attenuated 
and firmly adherent to the cholesteatoma matrix. 
Asthe cholesteatoma expands, it can extend 1) ante- 
riorly to erode the carotid canal and compress or 
displace the internal carotid artery, 2) medially to 
destroy the clivus and cause a distortion or compres- 
sion of the cavernous sinus with sensory or motor 
deficits of cranial nerves III, IV, V, and VI, 3) 
posteriorly to fill the cerebellopontine angle and 
compress the brain stem, 4) superiorly to displace 
the temporal lobe, resulting in intermittent or con- 
stant parietal or temporal headaches, and 5) later- 
ally to invade the tympanic cavity and mimic the 
far more common acquired or congenital middle 
ear cholesteatoma. An apical cholesteatoma that 
beeomes infected may cause a dramatic exacerba- 
tion of the patient’s symptoms. 


Radiographic Characteristics. Differentiation of 
apical cholesteatomas and cholesterol granulomas is 
dependent upon integrating the results of a CT and 
MBI evaluation of the temporal bone region. 


On high resolution CT the margin of bone adja- 
cent to either lesion is smooth and sharply eroded 
(Fig 2A). An apical cholesteatoma fails to enhance 
and exhibits a density that is less than that of brain 
but approximates that of CSF on brain CT imaging 
(Fig 3A). In contrast, a cholesterol granuloma is 
characterized by a nonenhancing mass that is iso- 
dense with brain (Fig 1A). 


The two lesions are further and more accurately 
differentiated on MRI. Cholesterol granulomas ex- 
hibit a very high signal intensity on both Tl- and 
T2-weighted images (Figs 1B,C and 2B,C). Chole- 
steatomas, on the other hand, characteristically 
have a low to moderate signal intensity on T1- 
weighted images; their signal intensity on T2- 
weighted images is high, but usually not as high as 
that associated with cholesterol granulomas (Fig 
3B,C). 


The combined CT and MRI findings are often 
sufficient to permit a confident preoperative differ- 
entiation and diagnosis. Their characteristic imag- 
ing findings, coupled with their pattern of erosion 
and spread, distinguish them from other expansile 
lesions of the petrous apex such as paragangliomas; 
trigeminal, facial, or acoustic schwannomas; and 
aneurysms of the petrous portion of the internal ca- 
rotid artery. An arteriographic evaluation, how- 


ever, should be performed if a vascular lesion is sus- 
pected strongly. Both apical cholesteatomas and 
cholesterol granulomas are avascular and fail to 
blush on arteriography. 


Treatment. Left untreated, cholesterol granu- 
lomas.and cholesteatomas continue to expand slow- 
ly and cause a spectrum of neurologic deficits. 
Furthermore, treatment that is instituted shortly af- 
ter a eranial nerve deficit appears may result in a 
partial or complete reversal of the deficit (case 1). 
Recommendation of surgical intervention should be 
made after the age and medical status of the patient 
are compared to the magnitude of the deficit and 
the potential for even more serious sequelae. 


Experience has shown that the lining of a choles- 
terol granuloma is often tenuous and difficult to re- 
move, regardless of the degree of exposure that is 
obtained. Moreover, dura adjacent to the lesion is 
frequently attenuated and attempts to remove the 
lining may result in a likely CSF leak. Although 
some authors have used soft tissue to obliterate the 
cavity of the granuloma with apparent success,‘ a 
more rational approach involves decompression and 
provision of a permanently aerated cavity through 
the introduction of a Silastic stent between the cavi- 
ty and an aerated portion of the temporal bone. 


The approach used to access the lesion is depen- 
dent on the status of the patient’s hearing, the loca- 
tion and extent of the granuloma, and the relative 
position of the jugular bulb. The translabyrinthine 
approach provides the most direct route and is 
recommended in the patient with little or no hear- 
ing on the affected side. The middle cranial fossa 
approach is used to expose a lesion with little in- 
ferior extension in a patient who has either useful 
hearing or a hearing loss that was recent in onset. A 
major disadvantage to this approach is that the 
stent is interposed between the cavity and either the 
epitympanum or mastoid antrum, resulting in an 
ageotrepic drainage system. Continued decompres- 
sion is predicated on the development of sufficient 
pressure within the cavity to force the liquid con- 
tents through the stent. Consequently, there is a 
relatively high propensity for the lesion to reexpand 
despite the existence of a patent shunt (case 2). Ac- 
cess to a granuloma via the infralabyrinthine ap- 
proach involves the creation of a channel bordered 
by the posterior semicircular canal, the jugular 
bulb, the posterior cranial fossa dura, and the 
mastoid segment of the facial nerve. The “capsule” 
of the lesion is often adjacent to the posteromecial 
margin of the jugular bulb, and skeletonization of 
the bulb may be necessary to differentiate the two 
structures absolutely. Adequate exposure is difficult 
to achieve when the jugular bulb is high relative to 
the internal auditory canal or when the lesion is 
confined to the superior portion of the petrous apex. 
The major advantage of the approach is that it 
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usually provides for dependent drainage and per- 
manent decompression. Regardless of what ap- 
proach is used, a neuroradiographic evaluation is 
recommended at the 1-year postoperative interval. 
If there is evidence of a well-aerated cavity, there is 
little chance of a recurrence. On the other hand, if 
the study reveals an accumulation of liquid, the po- 
tential for a progression of symptoms is high and ad- 
ditional, perhaps more radical, therapy is indi- 
cated. 


Management of an apical cholesteatoma is a 
much more formidable undertaking. When a total 
removal is attempted, additional exposure via a 
combined middle cranial fossa and translabyrin- 
thine approach may be required to access the lesion 
safely. The cholesteatoma matrix can be quite ad- 
herent to adjacent neurovascular structures and its 
removal may result in an inadvertent injury to one 
or more of these structures. An incomplete resection 
is associated with a high risk of recurrent disease. 
Moreover, residual cholesteatoma is poorly vascu- 
larized and should it become secondarily infected, 
the potential for meningitis that is refractory to 
medical therapy is high. An alternative to exentera- 
tion is the exteriorization of the cholesteatoma 
matrix that is aerated through an enlarged external 
auditory meatus. Matrix that covers critical struc- 
tures thereby can be preserved. Sufficient exposure 
is achieved best through a modified transcochlear 


approach, initially described by House and Hitsel- 
berger,’ that sacrifices residual hearing and in- - 
volves a posterior transposition of the facial nerve. 
Initial exposure is obtained through a radical mas- 
toidectomy and labyrinthectomy. The facial nerve 
is mobilized between the stylomastoid foramen and 
the meatal segment of the internal auditory canal. 
After the greater petrosal nerve has been divided, 
the facial nerve is transposed posteriorly. The facial 
canal and cochlea are removed to expose the lateral 
face of the lesion. The cholesteatoma is incised and 
its keratinous contents are evacuated. As the open- 
ing is widened circumferentially to create a large, 
thoroughly exteriorized cavity, care is taken to 
avoid injury to adjacent dura or the internal carotid 
artery. Although the technique is best suitable to a 
patient with a dead ear and a long-standing facial 
paralysis, it should be considered in any case in 
which a complete resection of the cholesteatoma 
and its matrix is not possible. 


SUMMARY 


Cholesterol granulomas and cholesteatomas are 
uncommon erosive lesions of the petrous apex that 
most often are diagnosed late in their disease 
course. An accurate preoperative differentiation 
through integration of the clinical and radiographic 
findings is a major prerequisite to the efficient 
management of these two disorders. 


REFERENCES 


1, Main TS, Shimada T, Lim DJ. Experimental cholesterol 
granuloma. Arch Otolaryngol 1970;91:356-9. 


2, Friedmann I. Epidermoid cholesteatoma and cholesterol 
granuloma. Experimental and human. Ann Otol Rhinol Laryngol 
1959;68:57-79. 


3. Lo WW, Solti-Bohman LG, Brackmann DE, Gruskin P. 
Cholesterol granuloma of the petrous apex: CT diagnosis. Head 
Neck Radiol 1984; 153:705-11. 


4. Cawthorne T, Griffith A. Primary cholesteatoma of the 
temporal bone. Arch Otolaryngol 1961;73:252-61. 


5. Yanagihara N, Matsumoto Y. Cholesteatoma in the pe- 
trous apex. Laryngoscope 1981;91:272-8. 

6. Amedee RG, Marks AW, Lyons GD. Cholesterol granu- 
loma of the petrous apex. Am J Otol 1987;8:48-54. 


7. House WF, Hitselberger WE. The transcochlear approach 
to the skull base. Arch Otolaryngol 1976;102:234-41. 


Ann Otol Rhinol Laryngol 97:1988 


ADENOMAS OF THE TEMPORAL BONE 


THOMAS L. EBy, MD 


BIRMINGHAM, ALABAMA 


MIRO S. MAKEK, MD 


ZURICH, SWITZERLAND 


Uco FISCH, MD 


ZURICH, SWITZERLAND 


Three cases of primary adenomas of the petrous bone are presented and compared to an adenoma arising from the external ear canal. 
In contrast to other adenomatous tumors, these caused slowly progressive inner ear symptoms without other signs, hence making differen- 
tiation from other benign lesions difficult. In one case, association with von Hippel-Lindau disease is suspected because of a strong family 
history and recent discovery of a similar lesion in the opposite ear. Bone destruction was found radiographically and clinically with 
vascular tumor tissue and cysts permeating the bone, causing adjacent bone destruction and remodeling. The histopathologic examination 
demonstrated this to be a benign process, however, with no direct tumor invasion or other signs of malignancy. Subtotal petrosectomy is a 
preven approach for complete removal of these tumors. Review of the literature revealed no previous reports of benign adenomas 


originating in the petrous bone. 


KEY WORDS — adenoma, hearing loss, temporal bone, vertigo, von Hippel-Lindau disease. 


INTRODUCTION 


Primary adenomatous tumors of the ear are rare 
neoplasms that remain difficult to diagnose clinical- 
ly or to classify pathologically. They represent only 
a small portion of all primary neoplasms of the ear, 
which as a whole are unusual. Of the 273 tumors of 
the ear reported by Conley and Schuller, !' only 25 
arese in the middle ear. The majority of these mid- 
dle ear tumors were squamous cell carcinomas, 
with only two adenomatous tumors reported. Until 
1976, all adenomatous tumors of the ear were con- 
sidered adenocarcinomas, although some were la- 
beled low grade. In that year Derlacki and Barney? 
reported three cases of adenomatous tumors with 
benign biologic behavior and Hyams and Michaels? 
analyzed 20 cases of benign adenomatous neo- 
plasms of the middle ear. In all these cases the 
adenoma originated in the middle ear, showed no 
signs of bony destruction or invasive behavior, and 
had a benign clinical course on long-term follow- 


up. 


A review of the cases of benign temporal bone 
neoplasms seen in the otolaryngology department of 
the University Hospital, Zurich, from 1974 to 1986 
revealed three cases of primary adenoma. The his- 
tory and radiographic, operative, and histologic 
findings of each case were reviewed. Complete tu- 
mor removal was obtained in each case with the 
subtotal petrosectomy approach described previ- 
ously.* After surgical removal, tissue was fixed in 
10% formaldehyde. Multiple representative sec- 
tioms were processed routinely and stained with 
hematoxylin and eosin. Special stains were per- 
formed to confirm the diagnosis in each case. 


We present three cases of adenoma involving the 
medial petrous portion of the temporal bone. All 
three patients presented with sensorineural hearing 
loss and vestibular dysfunction that progressed 
slowly over a period of years, and all three were 
found to have destruction of the temporal bone on 
radiographic studies. All proved to have histo- 
logically benign adenomas originating within the 
petrous bone. To our knowledge no similar cases 
have been reported in the literature. For com- 
parison, a fourth case of adenoma, a ceruminoma 
originating in the external auditory canal, is 
presented to illustrate the clinical and histologic dif- 
ferences. 


CASE REPORTS 


Case 1. A 30-year-old man reported an episode of 
hearing loss and dizziness that occurred 5 years 
previously and resolved in 6 days. One year prior to 
referral, he had begun to have progressive left 
pulsatile tinnitus. The tinnitus was worse after 
strenuous exertion, and his hearing fluctuated. He 
experienced some dizziness, but it was never as 
severe as the first episode. 


Examination of the ears was unremarkable ex- 
cept for slightly dilated vessels over the malleus and 
in the canal on the left. The Rinne test was positive 
bilaterally; the Weber test showed lateralization to 
the right side. There was no spontaneous nystag- 
mus. The remainder of the examination was unre- 


markable. 


The audiogram showed a sloping 60- to 85-dB 
sensorineural hearing loss on the left. A computed 
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Fig 1. (Case 1) A) Drawing of temporal bone showing location 
of adenoma (stippled) over dome of jugular bulb. B) Coronal 
CT scan showing limited bone destruction near jugular bulb. 
C) Axial MRI scan showing increased activity in area of left 


temporal bone corresponding to adenoma. 





tomographic scan demonstrated a small tumor in 
the medial portion of the retrolabyrinthine com- 
partment with bone erosion (Fig 1A,B). The carotid 
and facial canals as well as the jugular foramen 
were intact. Magnetic resonance imaging con- 
firmed a small tumor in the left petrous bone with- 
out extension into the cerebellopontine angle (Fig 
1C). An outside angiogram showed a tiny tumor 
blush fed by a small twig of the posterior auricular 
artery. The differential diagnosis based on these re- 
ports was hemangioma or primary cholesteatoma. 


A subtotal petrosectomy with removal of the otic 
capsule and skeletization of the fallopian canal was 
performed to remove a small vascular tumor over 
the dome of the jugular bulb. The bone was eroded 
by small blood-filled spaces. A portion of the 
jugular dome was resected with the tumor. The 
tumor did not invade the inner ear, but involved the 
region of the cochlear aqueduct, and the perilymph 
was noted to be xanthochromic. The postoperative 
course was unremarkable. The facial function re- 
mained intact and vestibular compensation pro- 
gressed rapidly. A follow-up CT scan 4 months after 
the operation showed no recurrent tumor. 


Case 2. A 26-year-old woman had a 10-year 
history of hearing loss and tinnitus. Seven months 


before referral, she developed headaches, followed 
2 months later by unsteadiness, especially at night, 
with a tendency to fall to the left. Three months 
before referral, she began to have attacks of vertigo 
with nausea and vomiting. An outside evaluation 
included a CT scan that showed a destructive lesion 
of the temporal bone at the internal auditory canal. 
The patient had a strong family history of von 
Hippel-Lindau disease. Her sister had a cerebellar 
tumor and her mother died of a recurrent brain 
tumor. A sister and cousin of her mother also had 
brain tumors. 


Findings of the ear examination were unre- 
markable except for profound hearing loss in the 
left ear and the Weber test’s showing lateralization 
to the right. The other cranial nerves were all intact 
and symmetric. There was a tendency to fall to the 
left on tandem gait, but results of the finger-to-nose 
test were normal and no dysdiadochokinesia was 
observed. The remainder of the examination find- 
ings were unremarkable. An ophthalmologic exami- 
nation showed normal fundi. | 


The audiogram showed no response on the left 
and normal threshold on the right up to 4,000 Hz, 
where bone conduction fell to 70 dB. There was no 
response to caloric stimulation in the left ear, with 
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Fig 2. (Case 2) A) Drawing of temporal bone showing location of 
adenoma (st.ppled). B) Coronal CT scan showing bone destruc- 
tion superior and medial to cochlea. C) Postoperative CT scan 
showing subtotal petrosectomy on left and small bone-destroying 
lesion on rignt. 





normal response in the right ear, and a slight right- 
beating nystagmus was noted on the electronystag- 
mogram (ENG). A degeneration of 44% in the left 
facia. nerve was found on electroneurography. On 
CT scan an extensive lysis of the supralabyrinthine 
and nfralabyrinthine compartments was found in 
the left temporal bone (Fig 2A,B). An ultrasound 
scan of the abdomen demonstrated multiple pan- 
creatic cysts 2 to 3.5 cm in diameter. 


A eft subtotal petrosectomy with removal of the 
otic capsule was performed to reach the tumor. It 
conssted of bluish cystic spaces filled with a serous 
fluid and extended medial to the cochlea over the 
jugular bulb toward the petrous apex. In the supra- 
labyninthine space, the tumor reached the thinned 
dura of the internal auditory canal and middle 
fossa. The facial nerve was kept intact and was 
separated from the tumor in its labyrinthine and in- 
trameatal segments. 


The patient recovered uneventfully from the op- 
eratien with intact facial function. Three months 
afterward she developed fluctuating sensorineural 
hearing loss and tinnitus in the right ear, followed 
later by episodic vertigo. A CT scan showed no evi- 
dence of tumor, and a diagnosis of Meniere’s disease 
in the right ear was made. The hearing deteriorated 
and vertigo persisted; subsequent CT and MRI ex- 
aminations revealed a small lytic lesion over the 


right jugular bulb, in the same location as the tu- 
mor removed from the left ear (Fig 2C). The patient 
is currently under clinical observation. 


Case 3. A 19-year-old man had an 8-year history 
of severe right hearing loss. He had episodes of ver- 
tigo with vomiting and developed a mild right fa- 
cial paresis. 


Examination of the ears revealed normal external 
canals ard tympanic membranes. No abnormalities 
were noted on the remainder of the examination. 


On audiogram there was no response on the right 
and a 40- to 50-dB sensorineural hearing loss on the 
left with a 92% speech discrimination score. A type 
2 von Bekesy audiogram was recorded for the left 
ear. There was no response to caloric stimulation in 
the right ear, and a spontaneous left-beating nys- 
tagmus was noted on ENG. A Pantopaque study on 
the right internal auditory canal showed a large 
erosion of its posterior wall suggesting a cyst or cho- 
lesteatoma. An angiogram demonstrated a branch 
of the pesterior cerebellar artery leading to the de- 
structive process, but no real tumor blush or angi- 
oma appearance. The right petrosal vein was 
broader than normal, with an abnormal course. 


A right mastoidectomy was performed for a biop- 
sy of the vascular tumor mass, which was found in 
the sinodural angle. No definite diagnosis could be 
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Fig 3. (Case 3) Drawing of temporal bone showing loca- 
tion of adenoma (stippled). 


made, however. Five days later a subtotal petrosec- 
tomy with removal of the otic capsule was per- 
formed. A large vascular mass was found to sur- 
round the facial nerve in its mastoid portion up to 
the outer genu (Fig 3). The facial nerve was dis- 
placed anteriorly temporarily for removal of the tu- 
mor. Ligation of the sigmoid sinus markedly re- 
duced the amount of bleeding. The tumor extended 
extradurally and compressed the jugular bulb with- 
out invasion. Polypoid tissue filled the pneumatic 
spaces and eroded the bone over the internal audi- 
tory canal. The vestibular nerve was noticeably red. 





After the operation the patient did well and was 
discharged on the sixth postoperative day. The 
facial function remained unchanged. 


Case 4. A 60-year-old woman had a 15-year his- 
tory of left otorrhea. Four years prior to referral she 
began having decreased hearing without pain or 
tinnitus, and 2 years before, she noted a progressive 
left facial palsy resulting in total paralysis. A tran- 
sient gait disturbance resolved spontaneously 1 year 
before she was evaluated. At initial presentation, 
she had a total left facial paralysis, total sensori- 
neural hearing loss, and chronic otorrhea. 


Examination of the left ear revealed a bluish tu- 
mor mass arising from the floor of the external ear 
canal and nearly occluding it. The Rinne test was 
positive on the right and negative on the left, and 
the Weber test showed lateralization to the right. 
There was no spontaneous nystagmus. The cranial 
nerves were intact except for a left total facial 
paralysis and a slight paresis of the spinal accessory 
nerve. A diffuse goiter was noted, but the examina- 
tion was otherwise unremarkable. 


An audiogram showed no response to sound in 
the left ear and hearing within normal limits on the 
right. Electroneurography showed 99% degenera- 
tion of the facial nerve on the left. The CT scan 
demonstrated a large left infralabyrinthine tumor 


Fig 4. (Case 4) A) Drawing of temporal bone showing location of 
adenoma (stippled). B,C) CT scans showing temporal bone de- 
struction and remodeling. B) Axial. C) Coronal. 
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with intracranial extension including an intradural 
portion (Fig 4). 


The patient underwent angiography with embol- 
ization of the lesion under anesthesia 2 days prior to 
excision. The primary feeding vessels were the oc- 
cipital, posterior auricular, and middle meningeal 
arteries. Findings were atypical for a glomus tumor 
because there was no blood supply from the ascend- 
ing pharyngeal artery, no homogeneous blush, and 
no early venous drainage over the internal jugular 
vein. 


The operation for removal of the tumor included 
a transotic subtotal petrosectomy and hypoglossal 
facial anastomosis. The tumor broke through the 
masteid cortex and extensively involved the lateral 
wall of the sigmoid sinus, but spared the medial 
wall. The entire mastoid portion of the facial nerve 
was atrophic. The tumor grew up to the carotid 
sheath without invading it, but broke through the 
posterior fossa dura. The intradural extension close 
to the cerebellum was partially resected. 


Postoperatively the patient required nasogastric 
feeding because of weakness in cranial nerves VII 
through XII. On the 13th postoperative day a lum- 
bar drain was placed because of CSF accumulation 
in the area of the wound, which also showed muscle 
necrosis. It could not be determined whether this 
was secondary to embolization or to the operation 





Fig 5. Photomicrographs showing typical pathologic findings. 
A) Papil-ary portion of adenoma showing prominent capillary 
spaces in stroma (H & E, original x375). B) Adenoma showing 
cholesteol crystal clefts and foreign body giant cell reaction 
(H & E, original x105). C) Bone remodeling adjacent to ade- 
noma in temporal bone (H & E, original x195). 
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itself. The lumbar drain was removed in 1 week and 
the patient made an uneventful recovery. 


Comment. The pathologic findings in each of 
these cases were nearly identical. The tumors con- 
sisted of adenomatous structures with papillae lined 
by a single layer of cuboidal epithelium. The base- 
ment membrane did not appear prominent. Some 
papillae showed regressive changes with edema or 
hyalinosis. The stroma beneath the epithelium was 
rich in capillaries with evidence of fresh and old 
hemorrhage (Fig 5A). Hemosiderin was frequently 
seen, as well as cholesterol crystals that were sur- 
rounded by foreign body giant cells (Fig 5B). Large 
cysts surrounded by a hyaline membrane, some 
with dys-rophic calcification, were also found. The 
bone surrounding the tumor showed remodeling 
with bone resorption and production. Between 
bone trabeculae, cholesterol granulomas were seen 
adjacent to destroyed bone (Fig 5C). The tumor 
cells app2ared uniformly benign, without polymor- 
phism ør mitotic figures. No invasion of vessels or 
nerves was seen. 


LITERATURE REVIEW 


All previously reported benign adenomatous le- 
sions of the ear have originated in the middle ear or 
external ear canal. Those in the external canal arise 
from the cerumen glands and may appear similar to 
an adenoma from the middle ear. The ceruminomas 
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Fig 6. Stages in process of temporal bone remodeling by 
benign adenoma. A) Stage 1. Hemorrhage from vascular 
stroma and blood-filled cysts. B) Stage 2. Hemosiderin (H) 
and cholesterol crystal (C) formation, which incites foreign 
body giant cell reaction. C) Stage 3. Cholesterol granu- 


loma (CG) formation with bone 
(NB) formation. 


ction and new bone 


may grow to involve the rest of the temporal bone as 
illustrated in case 4, but should not be confused 
with adenomas arising behind the intact tympanic 
membrane. 


Since they were first reported, a clinical picture 
of middle ear adenomas has been confirmed.*’ Pa- 
tients usually present with conductive hearing loss, 
ear fullness, and tinnitus without otalgia, otorrhea, 
or vertigo; and a middle ear mass is seen behind an 
intact tympanic membrane on examination. How- 
ever, in three of Hyams and Michaels’s’ original 20 
cases, the tumor broke through the tympanic mem- 
brane while the external canal was free of tumor. 
Not uncommonly, the mass is an incidental finding 
in-a patient with normal hearing and no symptoms. 


This is in contrast to carcinomas of the ear, which 
cause otorrhea and deep ear pain as well as de- 
creased hearing in the majority of patients. While 
involvement of the facial nerve or inner ear occurs 
in 16.7% of malignant middle ear tumors, only 
three cases of facial palsy associated with adenomas 
have been reported. Two of these resolved com- 
pletely within days of removal.** In one adenoma 
there was hemorrhagic infarction, suggesting that 
facial nerve compression was the cause of facial pa- 
ralysis. The third improved after facial nerve de- 
compression and removal of the tumor from the 
mastoid antrum and middle ear.° 


Salivary choristomas of the middle ear represent 
a special type of adenoma that usually is associated 
with other abnormalities of the ear and may repre- 
sent a syndrome.*’® Numerous case reports of pa- 
tients with histologically normal-appearing salivary 
tissue arising in the middle ear often share a similar 
clinical picture and pattern of ear anomalies.** 
These patients present with conductive hearing loss 
and a mass behind the tympanic membrane without 
otalgia, otorrhea, or tinnitus. Facial nerve impair- 
ment has not been reported. On exploration the 
stapes may be distorted, rudimentary, or absent; 
and the long process of the incus, or sometimes the 
entire incus, is absent. The facial nerve may be 
displaced, dehiscent, or surrounded by an abnor- 
mal mass in its horizontal portion. This group of 
features might be explained by a second branchial 
arch dysgenesis early in embryologic development 
that traps salivary tissue in the middle ear and 
causes anomalies of the ossicles and facial nerve. In 
other cases the congenital malformations may be 
more severe. In one patient, absence of the round 
window and facial asymmetry were associated with 
the other features.'? In another, bilateral salivary 
choristomas were associated with bilateral con- 
genital cholesteatomas and multiple anomalies of 
the middle and inner ears.”° 


Temporal bone erosion by adenomatous lesions 
usually has been taken as an indication of ma- 
lignancy. Although large middle ear adenomas may 
grow into the mastoid, they do not show bone ero- 
sion or malignant features.7"?* In cases of ade- 
nomatous tumors of less certain diagnosis, bone de- 
struction has been used as evidence of a malignant 
process with poor prognosis. Bone erosion was one 
of two indicators of poor prognosis in the 11 cases 
analyzed by Pallanch et al.?* The other was facial 
nerve paralysis. The importance of bone erosion in 
distinguishing adenocarcinoma was emphasized 
also by Jahrsdoerfer et al.° In their report of three 
adenocarcinomas mimicking paragangliomas, Goe- 
bel et al” suppport the concept of bone destruction 
as a sign of malignancy. They suggest that the intra- 
lesional calcification combined with bone destruc- 
tion seen in each of their cases indicates a highly in- 
vasive and erosive process. 
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Adenomas of the ear must be distinguished from 
invasion of the temporal bone by ceruminomas 
originating in the external canal.** Also, some mid- 
dle ear adenocarcinomas thought to be primary tu- 
mors have later been found to be metastatic from 
the external ear canal, parotid gland, nasopharynx, 
or female breast.’ The most plausible origin of true 
midcle ear adenomas is from the lining epithelium 
of the middle ear and not from ectopic ceruminous 
glands or salivary tissue.*?5?6 Hyams and Michaels? 
have found a transition from normal middle ear 
mucesa into adenomatous tumor, suggesting a met- 
aplastic genesis to neoplasia. Electron microscopic 
findings of tight junctions in acini and intracellular 
mucin also suggest an origin from middle ear epi- 
theliam. However, other areas showed cells with 
APUD features, which are not explained easily.”° 


Al-hough some authors have emphasized histo- 
logic characteristics to distinguish adenomas from 
low-grade adenocarcinomas, others caution that 
these features do not predict the clinical behavior of 
these tumors. In the original description of these 
adenomas, areas of acini formation by cuboidal to 
low columnar cells, often with a “back-to-back” 
pattern, and other areas with only sheets of in- 
cohesive cells were seen in the same tumor.’ Several 
cases showed a papillary cystadenomatous pattern. 
The eells showed a lack of mitoses and little nuclear 
pleomorphism. However, microinvasion has been 
descnibed even in cases with benign long-term clini- 
cal fellow-up.’ On the other hand, in their analysis 
of l| cases, Pallanch et al?’ found that benign 
histo»ogic features can belie an indolently aggressive 
clinical behavior. They urged caution in diagnosing 
an acenoma until the clinical course is clear. 


DISCUSSION 


The three cases of adenoma in the petrous bone 
reported here differ from those reported previously. 
All three patients first noticed difficulty with hear- 
ing and balance that later became episodic vertigo. 
There was mild facial nerve weakness in one pa- 
tient. These symptoms developed gradually and 
were present from 5 to 10 years by the time the pa- 
tients were operated on. Examination of the ears 
yielded unremarkable findings; in particular, no 
mass was visible in the ear canal or behind the tym- 
panic membrane. The audiograms showed severe to 
profound sensorineural hearing loss. These symp- 
toms are clearly different from those of middle ear 
adenemas, which present with conductive hearing 
loss, visible mass behind the tympanic membrane, 
and few other symptoms. Adenocarcinomas of the 
temperal bone may present with sensorineural 
hearing loss and balance problems, but they usually 
have additional symptoms such as otorrhea, pain, 
facial weakness, or a visible mass. Case 4 illustrates 
the centrast in clinical course of an adenoma in- 
vading the temporal bone from the external ear 


canal. This patient had 11 years of otorrhea before 
the tumor grew to involve the facial nerve. A mass 
filled the external canal, but the large extent of 
tumor could not be appreciated without the CT 
scan. 


The association of the temporal bone adenoma 
with von Hippel-Lindau disease must be suspected 
in case 2. Von Hippel-Lindau disease is an au- 
tosomal dominant disorder with an extremely broad 
range of clinical manifestations. Most common 
among these are retinal angiomatosis and cerebellar 
hemangioblastoma, which usually causes the initial 
symptoms. However, more than 30 other manifes- 
tations have been listed, including renal cell car- 
cinoma, pheochromocytoma, and papillary cyst- 
adenoma of the epididymis, any of which can be bi- 
lateral.*””? There have been no reports of otologic 
disorders associated with the syndrome. This pa- 
tient had no manifestations of the syndrome except 
for pancreatic cysts, a nonspecific finding; how- 
ever, there was a strong family history for von Hip- 
pel-Lindau disease. The recent emergence of a sec- 
ond similar lesion in the opposite ear raises the 
suspicion that the adenoma of the temporal bone 
may have been the initial presentation of von Hip- 
pel-Lindau disease in this patient. 


Temporal bone erosion was shown radiographi- 
cally in all our cases. Despite this, none of them 
showed histologic or clinical features of direct tissue 
invasion. The bone destruction was centered in the 
infralabyrinthine space above the jugular bulb in 
the three cases originating in the petrous bone. 
Angiograms were performed on two of these pa- 
tients. In one there was a small tumor blush with 
blood supply from the posterior auricular artery, 
and in the other, the posterior cerebellar artery sup- 
plied a tumor without a typical tumor blush. 
Neither tumor showed unusual or characteristic 
features. A hemangioma of the temporal bone or 
cholesteatoma was the preoperative diagnosis in 
these patients. Intralesional calcification was not 
noted on the radiographic examinations, although 
dystrophic calcification and remodeling of bone 
with new bone formation was found histologically. 
Contrary to previous reports, these cases show that 
bone erosion and intralesional calcification are not 
necessarily signs of a highly invasive tumor. 


The histologic findings on the tumors from these 
three patients were characteristic of benign ade- 
nomas. The cells were well-differentiated into 
glandlike structures with a papillary configuration. 
There were a large number of capillaries found in 
the stroma with some large cystic spaces. The 
marked vascularity with large fluid-filled cysts as 
well as the porous remodeling of the bone around 
the tumor accounted for the confusion with heman- 
gioma at the time of operation. Some areas show ev- 
idence of hemorrhage and cholesterol crystals with 
granuloma formation, which is associated with re- 
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active new bone formation. These findings have 
given us evidence as to how these small benign le- 
sions can cause bone destruction and inner ear dys- 
function without invasion. We have divided the 
events in this process into three stages (Fig 6). Stage 
l is hemorrhage from the highly vascular stroma or 
blood-filled cysts associated with the tumor. Stage 2 
is hemosiderin and cholesterol crystal formation, 
which incites foreign body giant cell reaction. Stage 
3 is cholesterol granuloma formation with bone 
destruction and new bone formation. Each of the 
stages can be documented from these cases. Local 
inflammation from the granuloma formation could 
account for the mild facial weakness seen in the pa- 
tient in case 3 and also for the xanthochromic 
perilymph seen at operation in the patient in case 1. 
In each case, tumor invasion of these structures was 
not seen. 


CONCLUSION 


The three cases of adenoma originating in the 
petrous bone presented here demonstrate the be- 


nign end of the spectrum of adenomatous tumors of 
the temporal bone. Benign primary adenomas have 
not been reported previously in this location. The 
clinical presentation of slowly progressive inner ear 
dysfunction and the absence of other signs differs 
from that of adenomas and adenocarcinomas of the 
external or middle ear. However, distinguishing 
these tumors from other benign temporal bone le- 
sions such as hemangiomas or primary cholestea- 
tomas is not possible with current diagnostic tech- 
niques. Bone destruction is characteristic of these 
adenomas, seen both radiographically and at the 
time of operation, with vascular tumor and cysts 
permeating the bone and causing destruction and 
remodeling of adjacent bone. The stages in this pro- 
cess can be seen clearly in the histopathologic find- 
ings to be hemorrhage with cholesterol granuloma 
formation and secondary bone resorption and re- 
modeling rather than direct tumor invasion. The 
transotic subtotal petrosectomy appears to be an ex- 
cellent approach for complete removal of these 
tumors. 
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SUPERSELECTIVE EMBOLIZATION OF GLOMUS JUGULARE TUMORS 
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ERIC J. RUSSELL, MD EDWIN M. MONSELL, MD, PHD 


CHICAGO, ILLINOIS 


The purpose of this report is to introduce the technique of superselective embolization (SSE) and to review our experience in surgically 
treating glomus jugulare tumors with and without preoperative SSE. Retrospective chart review was performed to determine estimated 











INTRODUCTION rotid artery, the middle meningeal artery, and the 

Glomus tumors arise from rests of paraganglionic internal carotid artery also may supply the tumor. 
tissue of neural crest origin known as glomus bodies. The vascular supply of glomus tumors corresponds 
Within the temporal bone, glomus tumors arise to thedocation of glomus bodies within the temporal 
from two areas. Glomus tympanicum tumors devel- bones#heir location was first described by Guild 
op from glomus bodies in the middle ear and may and Sfack* (Fig 1°). Their work demonstrated that 
grow to extend into the external auditory canal and glomus bodies occur along the courses of Jacobson’s 
mastoid. Glomus jugulare tumors arise from glomus nerve {tympanic branch of cranial nerve IX) and 
bodies in the area of the jugular bulb and can grow the nerve of Arnold (auricular branch of cranial 
to involve the skull base extensively and have intra- nerve X). Half occur along these nerves within the 
cranial extension into the posterior fossa as well as middle ear and fallopian canal. The rest are found 
the middle ear and mastoid. Outside of the tempo- in the adventitia of the jugular bulb, along the 
ral bone these tumors can arise from paraganglionic course§ of one or both of these nerves within the jug- 
tissue in the carotid bifurcation (glomus caroticum 
tumors), upper pharyngeal space (glomus vagale tu- . 
mors), and, rarely, in other locations such as the ee aT pom 

T ie - 

larynx and orbit. € OVS f pt 

Regardless of their location, all glomus tumors O es E 


are highly vascular. They are histologically benign 
but locally infiltrating and potentially lethal. They 
have been reported to be multicentric in up to 10% 
of patients.' Catecholamine secretion by these tu- 
mors rarely occurs and must be evaluated prior to 
either embolization or surgical excision. 


Vascular Anatomy of Glomus Tumors of Tem- 
poral Bone. The majority of tympanicum and jugu- 
lare tumors have their predominant blood supply 
from the inferior tympanic and stylomastoid ar- 
teries. The inferior tympanic artery is a branch of 
the ascending pharyngeal artery. The stylomastoid 
artery arises from the occipital artery in 60% of pa- 
tients and from the postauricular artery in 40%. 





‘Sympathetic trunk 


The stylomastoid artery also contributes to the Fig 1. Location of nerves and bodies in jugular fossa and 
blood ly of the facia] D di th middle ear. Glomus bodies are concentrated in adventitia 
sae ag Ba 2 PERLA: REEVE. 6 0e8 ing on the of jugular bulb and on promontory in relation to nerves of 


tumor’s location, other branches of the external ca- Jacabson and Arnold. (Adapted from Hesselink et al.?) 
From The Chicago Otology Group, Ltd (Wiet, Young, Monsell), and the Departments of Otolaryngology, Head/Neck Surgery (Wiet) and Radiology 
(Russell), Northwestern Memorial Hospital, Chicago. 
Presented at the meeting of the American Otological Society, Inc, Palm Beach, Florida, April 23-24, 1988. 
REPRINTS — Richard J. Wiet, MD, FACS, 950 York Rd, Hinsdale, IL 60521. 
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TABLE 1. VASCULAR COMPARTMENTS OF GLOMUS JUGULARE TUMORS 


Compartment* Location, 

Inferomedial Jugulare bulb and hypotympanum 

Posterolateral Posterior tympanic cavity and mastoid + external 
auditory canal 

Anterior Protympanum and pericarotid area 

Superior Epitympanum and supralabyrinthine space 


Adapted from Russell.° 


Arterial Supply 


Inferior tympanic and jugular branch of ascending pha- 
ryngeal artery 


Stylomastoid artery 


Anterior and/or caroticotympanic branch of internal ca- 
rotid artery 


Superior tympanic branch of middle meningeal artery 


May extend into intracranial extradural or intradural space and annex arterial supply from dural or parenchymal vascular systems. 


___*May extend into intracranial extradural or intradural space and annex arteria’ sopp y “eee 


ular fossa. These nerves are both supplied by the in- 
ferior tympanic artery. In addition, glomus bodies 
within the jugular fossa and fallopian canal are in 
close proximity to the stylomastoid artery. Thus, it 
is not surprising that glomus tumors most frequent- 
ly have the inferior tympanic and stylomastoid ar- 
teries as their dominant vascular sources. 


Preoperative Angiographic Mapping and Super- 
selective Embolization. Superselective embolization 
(SSE) is a technique of devascularizing a tumor mass 
by filling its microcirculation with embolic material 
by selective injection into the tumor’s dominant and 
collateral arterial blood vessels. This technique of- 
fers several advantages, including 1) more effective 
devascularization by penetration and filling of the 
tumor with embolic particles, 2) maintenance of 
patency of vessels that supply normal structures, 
and 3) increased safety by means of angiographic 
mapping of vascular anatomy and hemodynamics 
in order to choose the safest routes for embolization. 





A 


Fig 2. Example of two-compartment glomus jugulare tu 
(arrow) of postauricular artery fills this compartment. B) 


(arrow) fills this separate compartment. 


Before SSE can be performed, a functional angio- 
graphic map of the tumor and the vascular territory 
it is within is developed. The purpose of the map is 
to 1) demonstrate the contribution of individual 
vessels to the tumor, 2) determine whether the tu- 
mor is monocompartmental or multicompartmen- 
tal, and 3) demonstrate the presence of potentially 
dangerous collaterals between the external carotid 
artery and internal carotid artery and/or vertebral 
artery systems. From this information the most di- 
rect and safest route to embolize the tumor’s micro- 
circulation can be selected.*”’ 


In order to demonstrate all contributions to the 
lesion, superselective injection of contrast material 
must be done. If contrast simply is injected into the 
common or external carotid artery, the superimpo- 
sition of the multiple opacified vessels makes analy- 
sis of the contribution of individual vessels impossi- 
ble. Instead, individual branches of the external ca- 
rotid system, as well as the internal carotid artery 





mor. A) Posterolateral view. Injection of stylomastoid branch 
Inferomedial view. Injection of ascending pharyngeal artery 
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Fig 3. Example of dangerous collateral (double arrows) be- 
tween ascending pharyngeal (open arrow) and vertebral 
(dark arrow) arteries. T — tumor. 


anc vertebral artery, are selectively catheterized 
and injected. This allows for sequential study of 
eaca arterial flow pattern. 


It is important to determine the number of com- 
partments that comprise the tumor. Eighty-five per- 
cen: of tumors are multicompartmental. There can 
be ap to four compartments (Table 1°). This infor- 
mation is important, because each compartment is 
hemodynamically independent (Fig 2). Successful 
embolization of any one compartment has no effect 
on the other compartment(s). Thus, the angiogra- 
pher must plan to embolize each separately.° 


Mapping allows the angiographer to identify col- 
lateral vessels that may become important sources 
of blood supply as hemodynamic changes occur. 
Vessels that carry arterial blood away from the tu- 
mor may change their direction of flow and resup- 
ply the tumor after embolization of dominant feed- 
ing vessels is performed.® Changes in collateral flow, 
volume, and direction can occur within seconds and 
are responsible for the failure of a simple surgical li- 
gation or proximal nonselective embolization of 
dominant tumor-feeding vessels. 


The angiographer also uses mapping to identify 
dangerous anastomoses from the external carotid 
artery to the internal carotid artery and/or verte- 
bral systems (Fig 3). One common site of potentially 


dangerous anastomoses in patients with glomus jug- 
ulare tumors is the collateral route between the as- 
cending pharyngeal and/or occipital artery and the 
vertebral artery. Such normal channels can trans- 
mit particles during embolization. However, the 
presence of these vascular channels is not an abso- 
lute contraindication to SSE, because once recog- 
nized, potential hazards can be circumvented by 
several techniques available to the neuroradiologist. 


After analysis of the angiographic map, SSE is 
performed in a systematic manner. The goal of SSE 
is to catheterize the important feeding vessels of 
each tumor compartment and to inject embolic ma- 
terial that will travel distally into the tumor’s mi- 
crocirculation. For this purpose we use polyviny] al- 
cohol (PVA) foam sponge in sizes of 150 to 590 um. 
The embolic particles must be small enough to flow 
through the feeding vessels without blocking them. 
This results in distal embolization of tumor micro- 
circulation, an important advantage of SSE over 
proximal embolization or surgical ligation of the 
feeding vessels (Fig 4). Proximal closure is ineffec- 
tive, because within seconds collateral flow develops 
and resupplies the lesion. Thus, the distal emboliza- 
tion that can be achieved by SSE is more effective at 
reducing flow to a vascular lesion, because collater- 
al flow cannot resupply a tumor that has been pene- 
trated and filled with particulate embolic material. 


Hemodynamic changes may occur rapidly during 
embolization. As distal occlusion progresses, proxi- 
mal intraluminal pressure rises. This increases the 
likelihood of reflux of embolic material from the or- 
ifice of the catheterized vessel. This situation can be 
avoided by fluoroscopically monitoring and staging 
the embolization and by allowing antegrade flow to 
carry forward the embolic particles. Iatrogenic 
arterial spasm during injection of embolic material 
also increases the risk of reflux. In our experience, 
use of the newer Tracker catheter (Target Thera- 
peutics, Los Angeles) significantly decreases the in- 
cidence of spasm. 


Intraoperative embolization techniques attempt to 
avoid the problem of reflux by first ligating the 
feeding vessel and then injecting embolic material. 
However, this technique potentially can create 
more problems than it solves. Previously closed 
anastomoses may open because of increased pres- 
sure from the forceful injection. Local changes in 
PCO2 due to embolization may cause opening of and 
flow reversal through collaterals that were not 
previously patent.* This may result in an uncon- 
trolled embolization with neurologic complications. 
Changes such as these are better appreciated by the 
neuroradiologist in the angiographic suite than by 
the surgeon using fluoroscopy in the operating room. 


MATERIALS AND METHODS 
Chart review of all patients referred to The 
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Chicago Otology Group from 1980 to 1988 with 
glomus tumors of the temporal bone was per- 
formed. Patients with glomus jugulare tumors were 
selected for more detailed analysis. Length of the 
operative procedure and blood loss as estimated by 
the anesthesiologist were recorded. Review of pre- 
operative radiographs was done when possible. 


RESULTS AND CASE REPORTS 


Our group has been referred 32 patients with glo- 
mus tumors of the temporal bone. Twelve of these 
patients had glomus jugulare tumors that were 
treated by surgical excision with an infratemporal 
skull base approach (Table 2). Seven patients were 
female and five were male. No patient had a cate- 
cholamine secretory tumor. Operative records were 
available in ten of 12 patients. Of these ten patients, 
seven underwent surgical excision without preoper- 
ative SSE. Their estimated intraoperative blood loss 
ranged from 750 to 6,000 mL, with a mean of 2,800 
mL. Length of the operative procedure ranged 
from 5.5 to 14 hours, with an average of 9.6 hours. 
Two patients were referred for postoperative radia- 
tion therapy in order to treat residual disease. Also 
included among these seven patients are two who 
underwent intraoperative surgical ligation of tu- 
mor-feeding vessels and injection of embolic materi- 
al. These techniques were apparently not success- 
ful, as estimated blood loss was 6,000 and 4,000 mL 
and operative times were 11.5 and 12 hours, respec- 
tively. 


The patients who underwent SSE had an average 
blood loss of 750 mL. Operative times ranged be- 
tween 7.5 and 8 hours, with an average of 7.6 
hours. Two patients had very large tumors with in- 
tracranial, extradural extension. Complete tumor 
excision was achieved in all three patients. None 
were referred for postoperative radiation therapy. 


bea ai an 


É \ « 
ze s” ` x r à 
a’ # 4 
$, A f $ vei 
ee j“ s ‘ 
# j é - A * 
# 
ah S + 


° 4 : ; : : 

° ye gir, Fig 4. Histologic section of glomus 

U f ' jugulare tumor demonstrating 

polyvinyl alcohol (PVA) within 

tumor’s microcirculation. 
ra 
Ann 
> fa 
.* a 

k i. 
$ f P 


Patients who had preoperative embolization gen- 
erally have done well. One 60-year-old patient in 
whom we had planned to undertake SSE developed 
a small occipital stroke during angiography and the 
procedure was terminated. This complication oc- 
curred prior to injection of any embolic material. 
The patient suffered a visual field deficit. 


Case 8. A 64-year-old woman underwent excision 
of a left glomus caroticum (carotid body) tumor 20 
years ago, resulting in 10th and 12th cranial nerve 
deficits. Ten years later she developed left pulsatile 
tinnitus. A diagnosis of glomus tympanicum tumor 
was made on the basis of physical examination and 
polytomography, and a transcanal excision was per- 
formed. Nine years later the patient developed re- 
current pulsatile tinnitus, and once again, a mass 
was seen beneath the tympanic membrane. Com- 
puted tomography and angiography demonstrated 
a glomus jugulare tumor, and the patient was re- 
ferred to our group. The tumor filled the hypotym- 
panum and eroded the jugular fossa. It extended in- 


TABLE 2. GLOMUS JUGULARE PATIENTS TREATED 
BY INFRATEMPORAL FOSSA APPROACH 


Preop EBL OR Time Residual 

Patient * SSE (mL) (hr) Disease 
l -= 3,000 14.0 + 
2 -tł 4,000 12.0 — 
3 -łĦ 6,000 11,5 + 
4 - 950 8.0 — 
5 - 4,000 12.0 — 
6 — 750 7.0 — 
7 - 900 5.5 ~ 
8 = 500 8.0 - 
9 = 1,000 7.5 — 
10 i 750 7.5 — 


SSE — superselective embolization, EBL — estimated blood loss, OR — 
operating room. 

* Listed in chronologic order of surgical treatment. 

tUnderwent intraoperative ligation and injection of embolic material. 
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Fig 5. (Case 10) MRI of patient with palsies of cranial nerves IX, X, and XII. Note characteristic variegated ap- 
pearance of glomus tumors with MRI. A) Intracranial extradural extension (double arrows) is present. Tumor 
extends inferiorly within jugular vein (single arrow). B) Tumor bows carotid artery anteriorly (single arrow). 


feriorly within the jugular vein and anteriorly into 
the pharyngeal space. The patient had no new cra- 
nial nerve deficits, and audiometry revealed a mild 
left conductive hearing loss. 


The patient underwent successful preoperative 
SSE. Predominant feeding vessels were the inferior 
tympanic branch of the ascending parapharyngeal 
artery and the stylomastoid branch of the postauric- 
ular artery. Several days later the tumor was excised 
completely via an infratemporal skull base surgical 
approach. This was an 8-hour procedure, and 
estamated blood loss was 500 mL. The patient had 
an uncomplicated postoperative course. 


Case 9. A 39-year-old woman had a 2-year his- 
tory of right ear fullness. A CT scan demonstrated a 
larze glomus jugulare tumor that involved the mid- 
dle ear, mastoid, and skull base with intracranial 
extradural extension into the posterior fossa. Her 
neurotologic examination, however, was remarkable 
only for a mass beneath the right tympanic mem- 
brane and a mild conductive hearing loss. 


The patient underwent preoperative angiography 
and SSE. Predominant blood supply of the tumor 
was from the inferior tympanic branch of the as- 
cending pharyngeal artery and the stylomastoid 
brench of the occipital artery. Complete distal oc- 
clusion of the tumor’s microcirculation with small 
particles could not be done safely because of poten- 
tially dangerous anastomotic channels to the verte- 
bral artery resulting from arterial spasms secondary 
to catheter trauma. A subtotal embolization was 
performed without complications. Three days later 
the patient underwent infratemporal fossa skull 
base excision. The procedure lasted 7.5 hours and 
complete excision of the tumor, including its intra- 


cranial portion, was carried out. The estimated 
blood loss was 1,000 mL. The patient had an un- 
complicated postoperative course and is now | year 
postoperative with near-normal facial nerve func- 
tion (House grade II/IV). 


Case 10. A 57-year-old man noted left pulsatile 
tinnitus, left-sided headache, and tongue weakness 
6 months prior to referral to our group. An otolar- 
yngologist noted a mass behind his left tympanic 
membrane. The suspected diagnosis of a glomus 
jugulare tumor was confirmed by CT and angiogra- 
phy. His medical history was notable for an “idio- 
pathic” left true vocal cord paralysis diagnosed 5 
years previously. His neurotologic examination re- 
vealed the presence of palsies of cranial nerves IX, 
X, and XII and a mild conductive hearing loss on 


the left. 


The tumor eroded the jugular fossa and filled the 
hypotympanum. It extended medially to the hypo- 
glossal canal and posteroinferiorally but extradural- 
ly into the left posterior cranial fossa. Tumor ex- 
tended inferiorally within the jugular vein to the 
level of mid-C-2 and displaced the carotid artery 
anteriorly (Fig 5). 


The patient was otherwise in excellent health, 
and surgical treatment was recommended. He was 
first referred for treatment of his left true vocal cord 
paralysis by Teflon injection. Prior to surgical exci- 
sion of his glomus tumor, the patient underwent 
SSE (Figs 6 and 7). Distal embolization of the tumor 
and its dominant feeding arteries and the ascending 
pharyngeal artery, as well as occlusion of other 
minor feeding arteries, was achieved. There were 
no neurologic complications. Four days later, the 
patient underwent an infratemporal fossa skull base 
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excision of the tumor. The tumor was noted to be 
shrunken and had little bleeding, allowing for ex- 
cellent visualization of the surgical field. Estimated 
blood loss was 750 mL. Excision of the complete 
tumor, including the intracranial portion, was per- 
formed. 


The patient did well postoperatively except for a 
CSF leak that was treated successfully by placement 
of a lumbar drain. This patient is now 6 months 
postoperative. Postoperative dysfunction of the sev- 
enth cranial nerve is resolving, and the 12th cranial 
nerve palsy has resolved. 


DISCUSSION 


Prior to the development of micro-oto-neurosur- 
gical techniques and skull base approaches to the 
temporal bone, large glomus jugulare tumors were 
palliated by a combination of surgery (usually radi- 
cal mastoidectomy) and radiation therapy. Al- 
though some patients treated in this manner can co- 
exist with their disease for many years, surgical cure 
is now possible in a majority of patients. We con- 
sider tumor size and extent and the patient’s age 
and general medical condition when deciding upon 
appropriate therapy. Radiation therapy is given 
strong consideration in an older patient (late sixties) 
with a slow-growing lesion that is unlikely to cause 
complications during his or her lifetime. Usually 
our primary treatment is surgical excision with 
postoperative radiation therapy if there is residual 
disease. 


Once surgical therapy is chosen, the approach de- 
pends upon the location and extent of the tumor. 
Small glomus tympanicum tumors can be removed 
by a transcanal approach. Large tumors require 
simple mastoidectomy with an extended facial re- 
cess approach to expose the hypotympanum. Some 
small glomus jugulare tumors that extend slightly 
into the hypotympanum and do not involve the 
carotid artery can be removed by a skull base dis- 


Fig 6. (Case 10) Superselective 
embolization of patient with ex- 
tensive glomus jugulare tumor. A) 
Ascending pharyngeal artery (ar- 
row) is dominant feeding vessel. 
B) Tumor is filling jugular vein 
(triple arrows) and extends into 
posterior fossa (single arrow). 


section in which the posterior canal wall, tympanic 
membrane, and ossicular chain are left intact.’ For 
large glomus jugulare tumors we use Fisch’s infra- 
temporal fossa procedure.'®'' This approach repre- 
sents a major advance in the surgical management 
of large glomus tumors. With the exception of le- 
sions that have significant intradural extension, this 
approach permits removal of most glomus tumors 
with minimal morbidity.'°'*? Tumors that require 
the infratemporal approach are the same ones in 
which preoperative SSE is of most benefit.* 


Significant blood loss during infratemporal fossa 
skull base dissection occurs for several reasons. 
First, a large incision and parotid nerve and neck 
dissections are required to isolate the great vessels 
and the seventh and lower cranial nerves. Second, 
bleeding from the sigmoid sinus occurs while one is 





Fig 7. (Case 10) Postembolization injection of ascending 
pharyngeal artery (arrow) showing absence of tumor 
blush. Additional injections of minor feeding vessels dem- 
onstrated that successful distal embolization had been 
achieved. 
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obtaining proximal control of this vessel. Third, 
there is blood loss from the inferior petrosal sinus 
af-er excision of the jugular bulb. Fourth, blood loss 
occurs from manipulation of the tumor itself. In ad- 
dition, massive bleeding from the petrous portion of 
the internal carotid artery is also possible, although 
this did not occur in the patients considered in this 
report. 


A valid statistical analysis of our patients who 
have been treated with and without preoperative 
SSE carnot be performed for several reasons. First, 
the number of patients in our series is too small. Al- 
so. in any series it is difficult to compare patients 
because of variability in tumor size, extent, and vas- 
cular supply. Retrospective estimates of blood loss 
based an different anesthesiologists’ estimates are 
also subject to variability. Another factor that can 
afect the blood loss and the length of the operative 
procedure is the experience of the surgical team. 
Our patients who had surgery following SSE repre- 
sented our most recent cases. Thus, these patients 
have benefited from the surgical team’s past experi- 
erre. 


The most significant potential complication of 
SSE is stroke. This may occur from reflux from the 
orifice of the catheterized vessel or because of pas- 
sage of embolic material from the external carotid 
artery system into the internal carotid artery or ver- 
teoral system via collaterals. The likelihood of re- 
flax car be diminished by selecting the appropriate 
type of catheter and by avoiding pressurized injec- 
tien of embolic agents. Potentially dangerous collat- 
erals can often be managed by selecting a particle 
size too large to travel through the anastomotic ves- 
sel or by performing temporary Gelfoam occlusion 
ofcollaterals. With these techniques most neurolog- 
ic complications can be avoided. 


Cranial nerve palsies also have been reported to 
occur during SSE. They are usually temporary and 
may oceur for two reasons. Palsies can result from 
neural compression secondary to edema from acute- 
ly embolized and infarcted tumor. They also may 
occur if embolic material travels distally into the 
vasa nervosa of cranial nerves IX through XII, 
which are supplied by the posterior neuromeningeal 
branch of the ascending pharyngeal artery. The 
seventh cranial! nerve, which is supplied by the mid- 


dle meningeal, accessory meningeal, and stylomas- 
toid arteries, also can be affected for the same rea- 
sons. The risk of producing cranial nerve palsies can 
be minimized by avoiding the use of powdered or li- 
quid embolic agents in vessels known to supply 
these nerves. 


As with any invasive technique, the decision to 
recommend SSE must be made by weighing the risks 
versus the benefits of the procedure. The availabili- 
ty of an experienced neuroradiologist who can per- 
form functional angiographic mapping and select 
the safest route and materials for performing SSE is 
prerequisite to minimizing the likelihood of serious 
complications. If such an individual is available to 
work with the neurotologist, then the benefits of 
SSE are worthwhile to the patient. 


In our experience, surgical ligation of feeding 
vessels and intraoperative injection of embolic agents 
has not decreased blood loss or operative time. This 
is not surprising, since the vascular anatomy of glo- 
mus jugulare tumors is such that surgical ligation is 
doomed to fail. Immediate collateralization that 
follows proximal closure of feeding arteries is all but 
certain to occur. A combination of surgical ligation 
with intraoperative embolization may seem logical. 
However, the use of small particles necessary to ob- 
tain embolization of the tumor’s microcirculation is 
potentially dangerous. Uncontrolled flow of embolic 
particles through anastomotic channels can occur un- 
expectedly. Preoperative angiographic mapping and 
SSE as described in this paper is a safer procedure. 


We routinely request that patients with glomus 
jugulare tumors donate four to five units of their 
own blood prior to surgery. Although significant 
blood loss still can occur in patients who have un- 
dergone preoperative SSE, it is unlikely, in our ex- 
perience, that transfusion in excess of this amount 
will be required. In light of present-day concerns 
about the safety of transfusion, this represents an 
important benefit of preoperative SSE. 


For the surgeon, decreased tumor size and vascu- 
larity of the tumor results in better visualization of 
the surgical field and increased ease of dissection. 
For these reasons, we believe that the likelihood of 
more complete and safer tumor excision is improved 
by the use of preoperative SSE. 


REFERENCES 


1. Batsakis JG. Tumors of the head and neck, clinical and 
patnological considerations. 2nd ed. Baltimore: Williams and 
Wikins, 1979:369-80. 


2. Valwassori GE, Buckingham RA. Middle ear masses mim- 
ickmg glomus tumors: radiographic and otoscopic recognition. 
Ana Otol Rhinol Laryngol 1974;83:606-12. 


3. Hesselink JR, Davis KR, Taveras JM. Selective arteriog- 
raphy of glomus tympanicum and jugulare tumors: techniques, 
nommal and pathologic arterial anatomy. AJNR 1981;2:2890-7. 


4. Guild SR. The glomus jugulare, a nonchromaffin para- 
garglion, n man. Ann Otol Rhinol Laryngol 1953;62:1045-71. 


5. Valvanis A. Preoperative embolization of the head and 
neck: indications, patient selection, goals and precautions. AJNR 
1986;7:943-52. 

6. Russell EJ. Functional angiography of the head and neck. 
AJNR 1986;7:927-36. 


7. Lasjunias P, Berenstein A. Surgical neuroangiography. 
New York: Springer-Verlag, 1987. 


8. Spetzler RF, Modic M, Bonstelle C. Spontaneous opening 
of large occipital-vertebral artery anastomosis during embcliza- 
tion. J Neurosurg 1980;53:849-51. 


9. Glasscock ME, Hanes PF, Newsome G. Glomus tumors: 


620 Young et al, Embolization of Glomus Jugulare Tumors 


diagnoses and treatment. Laryngoscope 1974;84:2006-22. gical management of glomus tumors. Laryngoscope 1979;89: 
10. Fisch U. Infratemporal fossa approach for glomus tumors 1640-51. 
of the temporal bone. Ann Otol Rhinol Laryngol 1982;91:474-9. 12. Fisch U, Fagan P, Valvanis A. The infratemporal fossa ap- 
11. Glasscock ME, Jackson CG, Dickens JR, Wiet RJ. Panel proach for the lateral skull base. Otolaryngol Clin North Am 
discussion: glomus jugulare tumors of the temporal bone. The sur- 1984;17:513-52. 
fom 


COCHLEAR MECHANICS AND OTOACOUSTIC EMISSIONS 


The Second International Symposium on Cochlear Mechanics and Otoacoustic Emissions will be held March 9-11, 1989, in Rome. 
For further information, contact Centro Ricerche e Studi (CRS) Amplifon, Via Ripamonti 129, 1-20141 Milano, Italy. 


t 


AMERICAN DIOPTER AND DECIBEL SOCIETY 


The American Diopter and Decibel Society will hold a combined seminar for ophthalmology and otolaryngology January 21-28, 1989, 
at the Acapulco Princess Hotel in Acapulco, Mexico. For further information, contact Jeannie L. Nee, Meeting Coordinator, 3518 Fifth 
Avenue, Pittsburgh, PA 15213; (412) 682-6300. 


Ann Otol Rhinol Laryngol 97:1988 


ANATOMIC CONSIDERATIONS IN THE POSTERIOR APPROACH 
TO THE INTERNAL AUDITORY CANAL 
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CHARLES G. WRIGHT, PHD BRUCE MICKEY, MD 


DALLAS, TEXAS 


We dissected 30 human temporal bones in order to establish a reliable method for avoidance of the membranous labyrinth in acoustic 
neuroma surgery. We believe that the variability of the surgical landmarks is sufficient to make complete reliance on anatomic 
measurements quite treacherous. Fine-cut computed tomograms were evaluated, and it was determined that measurements taken from 
such scans ean define the anatomy of individual temporal bones. We conclude that hearing conservation surgery for acoustic neuroma is a 
relatively difficult surgical exercise and that complete familiarity with the anatomy and use of all available landmarks is required for suc- 
cesstul tumor removal and hearing conservation. Success can be improved further by using measurements taken from the individual pa- 
tients preoperative CT scan. 


KEY WORDS — acoustic neuroma, computed tomography, internal auditory canal, vestibular nerve section. 


INTRODUCTION eral end of the internal auditory canal while at the 
same time minimizing the risk of inadvertent injury 
of the membranous labyrinth. This study was un- 
dertaken in an attempt to define further the anat- 
omy of the internal auditory canal so as to provide 
an improved surgical approach. 


Retrosigmoid vestibular nerve section and suboc- 
cipital removal of acoustic neuroma for hearing 
conservation have become increasingly popular oto- 
neurologic procedures in recent years. Both of these 
procedures are facilitated by exposure of the inter- 
nal auditory canal from its posterior approach. 


Posterior exposure of the internal auditory canal has MATERIALS AND METHODS 

proven beneficial in retrosigmoid vestibular nerve In the initial part of the study 30 embalmed 
section because it permits section of the superior human temporal bones were dissected with use of a 
vestibular nerve and posterior ampullary nerve af- binocular microscope and an electric drill, In the 
ter the latter branches from the inferior vestibular first 15 temporal bones the internal auditory canal 
nerve. Selective section provides the same relief of was opened medially with a rim of bone left to mark 
vertigo with less risk to hearing than section of the the most medial portion of the posterior lip of the 
entire vestibular nerve complex. porus acousticus. The entire posterior wall then was 


removed from medial to lateral. The dura was left 
intact. Inferiorly the cochlear aqueduct was iden- 
tified when the sigmoid sinus did not rise so high as 
to preclude adequate room for dissection. Dissec- 
tion was continued until the singular canal could be 
identified. Great care was taken to identify the 
posterior semicircular canal as it arches medially 
toward the crus communis (Fig 1). Frequently, it 
was encountered (and occasionally violated) prior 
to definitive identification of the singular canal. 
The dura then was opened and the transverse crest 
and nerves of the internal auditory canal were iden- 


Exposure of the lateral end of the internal audi- 
tory canal from the posterior approach is also im- 
portant in acoustic neuroma removal when hearing 
conservation is a goal. Conservation of hearing re- 
quires not only anatomic preservation of the coch- 
lear nerve but also maintenance of cochlear blood 
supply and avoidance of inadvertent injury to the 
labyrinth. Since most tumors extend to or near the 
lateral end of the internal auditory canal, preserva- 
tion of the cochlear nerve and cochlear blood sup- 
ply requires maximum exposure in this area. 


Unfortunately, the most medial portions of the tified. Bone removal was continued in order to 
membranous labyrinth may overlap the lateral end “blueline” the vestibule and then extended superior- 
of the internal auditory canal by as much as 3 to 4 ly over the vestibule until Bill’s bar was exposed. In 
mm, making successful and complete exposure of the second set of 15 bones, the foveate depression 
the most lateral extent of the internal auditory for the endolymphatic sac was used to identify the 
canal difficult without injury to the inner ear.’ operculum. The vestibular aqueduct was followed 
The problem thus facing the surgeon in the operat- superomedially until it crossed the crus communis 
ing room is to provide maximal exposure of the lat- and entered the vestibule (Fig 2). The internal 
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auditory canal then was opened from lateral to 
medial. Again the cochlear aqueduct and singular 
canal were skeletonized, the dura was opened, and 
Bill’s bar and the singular foramen were identified. 


Measurements were taken from the midportion of 
the posterior lip of the porus acousticus to 1) the 
midportion of the transverse crest, 2) the opening of 
the singular canal, 3) the midportion of the vesti- 
bule, and 4) the macula cribrosa of the superior ves- 
tibular nerve. The distance from the most superior 
portion of the jugular bulb to the floor of the inter- 
nal auditory canal also was measured (Fig 3). 


In the second portion of the study, 1.5-mm fine- 
cut computed tomograms of the temporal bone 
were examined. Fifteen separate CT scans were 
used, but measurements were taken from both sides 
in five patients. Therefore, a total of 20 sides were 
examined. Measurements were made with the CT 
scanner itself. A cursor first was placed over the 
singular canal in the 15 scans in which it was iden- 
tifiable. A second cursor then was placed over the 
most medial portion of the posterior lip of the inter- 





Fig 2. Endolymphatic sac (ELS) narrowing to en- 
dolymphatic duct. Short arrow marks “genu” of 
vestibular aqueduct as it crosses crus communis (C). 
Relationship between vestibular aqueduct and skel- 
etonized singular canal (SC) can be seen. Dura of 
internal auditory canal has not been opened. Photo- 
graph was taken at angle of about 100°. 


Fig 1. Posterior aspect of temporal bone. Nerves of 
jugular foramen (IX, X, XI) are seen and proximity 
of glossopharyngeal nerve to floor of internal 
auditory canal can be appreciated. Statoacoustic 
(VIII) and facial (VII) nerves are seen entering in- 
ternal auditory canal. Rim of bone has been left 
medially to retain its position in taking measure- 
ments. Singular foramen (open arrow), vestibular 
aqueduct (solid arrow), and crus communis (as- 
terisk) can be seen. Photograph was taken at angle 
of about 110°. 


nal auditory canal and a measurement was taken. 
In this same plane, the distance from the posterior 
lip to the vestibule was measured. Since the most 
medial portion of the labyrinth is often a portion of 
the posterior semicircular canal or crus communis 
in a plane cephalad to that of the singular foramen, 
the CT scan was searched for that cut that iden- 
tified the most medial portion of the labyrinth. The 
cursor originally placed over the posterior lip of the 
semicircular canal was allowed to remain in place, 
and measurements were taken from its original po- 
sition to various portions of the labyrinth on higher 
cuts. This allowed us to measure the true distance 
from the most medial portion of the labyrinth to the 
posterior lip of the porus acousticus. 


The same CT scans then were used to establish 
the angle at which the posterior surface of the tem- 
poral bone could be approached in a surgical situa- 
tion. As a preliminary step, six postoperative CT 
scans from patients who had undergone suboccipi- 
tal procedures were evaluated. It was noted that in 
no case did bone removal extend more medially 
than halfway from the sigmoid sinus to the inion. 


= 
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Therefore, a point was determined halfway be- 
tween the sigmoid sinus and the inion on the 15 pa- 
tients previously evaluated. The plane of the poste- 
rior aspect of the petrous bone was marked and a 
line was drawn from the midpoint between the sig- 
moid sinus and the inion to the lateral end of the in- 
ternal auditory canal (Fig 4). The intersecting angle 
betweer these two lines was measured in degrees 
and recorded. 


RESULTS 


Statistical analysis of the measurements taken is 
given in the Table. Measurements on the dissected 
temporal bones are consistent with measurements 
taken by previous authors. The measurements taken 
from the CT scans are in good agreement with those 
taken from the temporal bones. These data confirm 
previously reported findings that the midpoint of 
the transverse crest is commonly more medial than 
the more medial portions of the labyrinth. On aver- 
age, the singular foramen is approximately 0.5 mm 
medial to the vestibule. However, we found that in 
seven of the dissected temporal bones and in four 
CT scans that the singular foramen was as lateral as 
or more lateral than the most medial portions of the 
vestibule. Thus in these temporal bones reliance on 
the singular foramen as a landmark to avoid inad- 
vertent entry into the labyrinth would have failed. 
The average distance between the sigmoid sinus and 
the floor of the internal auditory canal is sufficient 
to allow dissection of the cochlear aqueduct in most 
bones. The average distance from the top of the 
jugular bulb to the floor of the internal auditory ca- 
nal was 4.1 mm (standard deviation, 1.8 mm), with 
a range of 7.5 to —0.5 mm. However, in many 
bones it rises so close to (or even above) the floor of 
the internal auditory canal that it precludes dissec- 
tion of tne cochlear aqueduct. 


Using CT scans, we determined that on average 
the posterior surface of the temporal bone can be 
approached at an angle of about 58° (range, 52° to 
64°; average, 58.40°; standard deviation, 4.4°). In 


r Fig 3. Internal auditory canal opened from behind. 
Vestibular portion of eighth nerve divides into 
superior branch (S), saccular branch (I), and pos- 
terior ampullary nerve (P). Facial nerve (F) is ante- 
rior to superior vestibular nerve (S). Measurements 
were taken from middle of posterior lip (open ar- 
row) of porus acousticus. Distances from this point 
to transverse crest (solid arrow), vestibule (asterisk), 
and singular foramen were recorded. Photograph 
was taken at angle of about 100°. C — opening into 
crus communis. 


no case was the angle greater than 62° when the 
lateral end of the internal auditory canal was used 
to establish the point of measurement. 


DISCUSSION 


The angle used for temporal bone dissection is 
critical. As the angle of drilling changes from obtuse 
to acute, the vestibule and crus communis overlie 
more and more of the lateral portion of the internal 
auditory canal. In the temporal bone laboratory it 
is possible to select virtually any angle at which to 
drill. Under such conditions it is easy to “slip under” 
the projecting medial portions of the labyrinth. Un- 
less care is taken to simulate the surgical situation, a 
false sense of confidence will develop. Our measure- 
ments show that it is entirely unrealistic to believe 





Fig 4. Computed tomogram illustrating angle at which 
posterior surface of temporal bone can be approached in 
surgical situation. Point halfway between inion and sig- 
moid sinus is identified, and line from that point is drawn 
to lateral end of internal auditory canal. Plane of posterior 
surface of temporal bone is approximated, and angle at 
which these lines intersect is measured. 
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MEASUREMENTS FROM POSTERIOR LIP OF PORUS 
ACOUSTICUS TO OTHER LANDMARKS (N = 30) 


Standard 
Range Average Deviation 
(mm) (mm) (mm) 
On dissected temporal bones (n = 30) 
Transverse crest 5.5-10.5 8.5 1.9 
Singular canal 5.5-11.0 7.4 1.4 
Vestibule 6.0-12.0 8.0 1.5 
Macula cribrosa for superi- 
or vestibular nerve 8.0-12.5 10.1 1.4 
On computed tomograms 
Singular canal (n= 15) 5.5-11.3 8.1 1.93 
Vestibule (n = 20) 5.0-10.5 7.8 2.8 
Most medial portion of 
labyrinth (n = 20) 5.5-11.0 7.9 1.43 


that the posterior surface of the temporal bone can 
be approached from any angle much greater than 
60° under surgical conditions. Moreover, these 
measurements presume that the cerebellum can be 
retracted fully. In the actual surgical situation it 
may not be possible to achieve even this relatively 
narrow angle. We believe every effort should be 
made to maximize this angle from the beginning of 
the procedure. Thus optimal positioning of the pa- 
tient is critical. The patient’s head should be angled 
inferiorly by approximately 30°. Bone removal 
should be generous. Use of preoperative steroids 
and intraoperative diuresis can enhance cerebellar 
retraction. 


The recent literature contains several contribu- 
tions describing the retrosigmoid approach to the 
internal auditory canal as well as anatomic land- 
marks that may be used to avoid injury to the 
labyrinth.'~* Silverstein et al? made measurements 
of internal auditory canal anatomy and concluded 
that the internal auditory canal can be opened safe- 
ly from the porus acousticus to the singular foramen 
without jeopardizing the inner ear. Our laboratory 
findings show that there is significant variability in 
the position of the singular foramen and that the 
foramen often lies so far lateral that it can not be 
relied upon as a landmark for avoiding injury to the 
labyrinth. 


Geurkink’ and Kartush et al* recommend use of 
the vestibular aqueduct as a safe anatomic guide to 
the most lateral aspect of the internal auditory ca- 
nal. Our anatomic studies confirm that the vestibu- 
lar aqueduct does remain consistently medial to the 
crus communis and therefore can serve as a useful 
landmark. However, in some temporal bones the 
posterior semicircular canal arches medial and 
superior to the vestibular aqueduct. Therefore, we 
agree with Kartush et al that it is essential to remain 
inferior as well as medial to the vestibular aqueduct 
to avoid injury to the posterior canal. Further, our 
experience indicates that dissection of the vestibular 
aqueduct can at times be quite difficult. The oper- 
culum of the vestibular aqueduct is a broad struc- 
ture and the exact point at which the endolym- 


phatic duct originates is not apparent from topo- 
graphic landmarks. Therefore, the rugose portion 
of the endolymphatic sac must be defined progres- 
sively with the drill as it narrows to the endolym- 
phatic duct itself. This dissection may be especially 
difficult if air cells or bone marrow exist in this 
area. We have dissected a number of temporal 
bones in which it was virtually impossible to iden- 
tify the vestibular aqueduct. Persistent attempts to 
find it, especially in pneumatized temporal bones or 
in those containing marrow, led to accidental viola- 
tion of the posterior semicircular canal. 


The cochlear aqueduct also has been suggested as 
a landmark to help safely identify the most lateral 
aspect of the internal auditory canal.'* Although 
the medial portions of the cochlear aqueduct are 
easy to identify and provide a useful inferior limit 
for dissection, the more lateral portions of the 
cochlear aqueduct may be difficult to identify and 
it suffers from the same shortcomings as the singular 
canal. That is to say, following the cochlear 
aqueduct from medial to lateral may result in ac- 
cidental perforation of the labyrinth before the 
singular canal is encountered. Moreover, the ac- 
cessibility of the cochlear aqueduct may be com- 
promised or eliminated by a high jugular bulb. Ex- 
tensive exposure of the cochlear aqueduct frequent- 
ly will place the glossopharyngeal nerve at risk, 
since the hypoglossal canal is occasionally in close 
juxtaposition to the cochlear aqueduct. 


Lastly, we were pleased with the agreement be- 
tween measurements taken from CT scans and 
those from dissections. This observation suggests 
that measurements taken from preoperative CT 
scans of individual patients prior to the operative 
procedure may be used as a guide to the lateral 
aspect of the internal auditory canal. Such an ap- 
proach would circumvent the difficulty presented 
by the wide range of variability in different tem- 
poral bones. Recently, we have used preoperative 
measurements from the patient’s own CT scan to 
give us quantitative information that we can use in 
the operating room. 


CONCLUSIONS 


Analysis of our data as well as those of previous 
authors demonstrates that a drilling angle deter- 
mined from average measurements is unreliable in 
dissecting the internal auditory canal from the 
posterior approach. Further, although the surgical 
landmarks previously identified are very useful, we 
have found none of these landmarks to be 100% re- 
liable in avoiding injury to the membranous laby- 
rinth. We believe that the posterior approach to the 
internal auditory canal is a more difficult dissection 
than generally is recognized. Diligent preparation 
in the temporal bone laboratory with careful atten- 
tion to previously described landmarks (the vestibu- 
lar aqueduct, the cochlear aqueduct, and the singu- 
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lar foramen and canal) is mandatory. It is essential 
that laboratory dissections be performed at a real- 
isic angle. However, our clinical experiences and 
investigative findings suggest that results can be im- 
proved by using measurements from the patient’s 


CT scan to provide accurate morphometric data in 
specific cases. We believe this will yield a more reli- 
able method for reaching the most lateral extent of 
the internal auditory canal while avoiding injury to 
the membranous labyrinth. 
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Preservation of hearing in patients with acoustic nerve tumors can be a goal when tumor size is small and residual hearing is intact. 
Overall success rates for preservation have been reported to be 20% to 40%. The overall success rate in this series is 30.7%. However, in- 
dicators of intact auditory brain stem response (waves I-III-V), good speech discrimination score, and intact acoustic (stapedial) reflex 
were associated with a 68.2% rate of success. Thus, a comprehensive audiologic evaluation isa guideline for selecting and counselling pa- 


tients with acoustic tumors before hearing preservation procedures. 


KEY WORDS — acoustic nerve tumor, auditory brain stem response silica hearing preservation. 


Current advances in diagnostic and surgical tech- 
niques have redefined the goals in the management 
of patients with acoustic nerve tumors. The first 
goal has been a reduction in mortality rate, which is 
reported as less than 5% in a large series.’ 
Historically, the second goal was the total removal 
of the lesion with preservation of the facial nerve.’ 
Recently reported success in this area in small and 
medium lesions has resulted in a lowered rate of in- 
jury to the seventh nerve in several series (12%°* 
and 13%). With improved control of this com- 
plication, attention has turned to the potential for 
hearing preservation in selected patients. 


There are various reports of success rates for pres- 
ervation of hearing. Harker and McCabe‘ reported 
serviceable hearing was preserved in three of ten 
patients (30%), with an additional three having 
poor but measurable hearing. Brackmann’ reported 
some degree of measurable hearing in 11 of 17 pa- 
tients and serviceable hearing in eight (47%). 
Glasscock et al® reported preservation of serviceable 
or usable hearing in 27% of 31 ears. In 1984, Wade 
and House’ reported a series of ten of 37 ears (20%) 
in which there was good hearing result with strict 
criteria (30-dB loss or less, 70% discrimination 
score or better). The next year Harner et al" re- 
ported a series of 119 ears that were operated on by 
the suboccipital approach in a routine attempt to 
save hearing without regard to tumor size. Fourteen 

TABLE 1. PREOPERATIVE AIR CONDUCTION 
THRESHOLDS AND SPEECH AUDIOMETRY FOR 75 
PATIENTS WITH ACOUSTIC NERVE TUMORS 

Frequency (Hz) 
500 1,000 2,000 4,000 
Mean threshold (dB) 21.6 26.0 33.4 45.7 
Range 0-80 5-100 0-100 0-100 


(12%) had ‘ieasumile hearing postoperatively. In 
1986 Gantz et al™ reported preservation of measur- 
able hearing! in 18 of 42 patients, but only 26% had 
serviceable hearing. Cohen et al reported good 
hearing preservation in 11 of 29 patients (41.4%). 
Sanna et al‘? reviewed published data and added 
their own series, concluding that serviceable hear- 
ing was preserved in four of 20 ears (20% ) of pa- 
tients undergoing middle fossa surgery and in none 
of 14 cases in which the suboccipital approach was 
used. Their definition of serviceable hearing used 
the 50/50 rule, (50 dB speech reception threshold 
[SRT] and 50% speech discrimination score or bet- 
ter), Their conclusion was that hearing preservation 
should be attempted only in selected cases with 
criteria of lesion size of 1.5 cm or less, status of the 
opposite ear, adequacy of preoperative hearing 
levels on the'surgical side, and age and status of the 
patient. 


Once the ‘criteria of small size and acceptable 
hearing have been met, are there other factors that 
can predict the likelihood of successful preservation 
of hearing? This study reviews potentially prognos- 
tic audiologic indicators identified in a series of 75 
patients who underwent suboccipital or middle fos- 
sa procedures for the removal of acoustic nerve tu- 
mors. 


TABLE 2. POSTOPERATIVE DATA FOR 33 PATIENTS 
WITH MEASURABLE HEARING AFTER REMOVAL OF 
[ACOUSTIC NERVE TUMORS 


i Frequency (Hz) 
i 500 1,000 2,000 4,000 
Mean threshold (dB) 37.2 33.1 43.2* 58.37 


Range : 5-05 5-100 10-100 10-100 


Mean speech discrimination score was 77.2% (range, 0% to 100%). 
*n = 32 (one ear with no response), 


Mean speech discrimination score was 81.5% (range, 0% to 100%). 


From The Otology Group, Nashville, Tennessee. 


tn = 30 (three ears with no response). 


! 
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TABLE ©. PREOPERATIVE ACOUSTIC REFLEX DATA 
FOR 75 PATIENTS WITH ACOUSTIC NERVE TUMORS 
————————— in — SSE EE Ee 


Reflex Integrity No. % 

Within normal limits 22 29.3 

Abnormal 53 70.7 
Elevated (no decay) 6 8.0 
Abnormal reflex decay 17 22.7 
Absent reflexes* 30 4.0 


“Includes ene patient with ipsilateral stimulation only (conductive loss 
contralaterally). 





METHODS AND MATERIALS 


Seventy-eight patients underwent either suboc- 
cipital or middle fossa procedures in an attempt to 
conserve hearing while achieving total tumor re- 
moval. These patients were selected from a group of 
751 patients whe underwent surgery by two of the 
authors (M.E.G., C.G.J.) for excision of acoustic 
tumors during the past 15 years. The patients met 
some or all of the following criteria: 1) small tumor 
size (less than 2 cm), 2) good residual hearing (at 
least serviceable aided hearing), and 3) urgent need 
to preserve hearing (as in the case of bilateral le- 
sions). Three of the 78 attempted hearing conserva- 
tion procedures have been excluded from this re- 
view because of the rare nature and markedly dif- 
ferent behavior of the diseases (two lipomas and one 
ependymoma). The remaining 75 tumors included 
56 acoustic neurilemmomas (74.7%), one meningi- 
oma (1.¢ %), and 18 (24%) neurofibromas or multi- 
ple lesians in patients with von Recklinghausen’s 
disease. The mean age of the patients was 41.2 years 
(range, 15 to 70 years). There were 35 men (46.7 %) 
and 40 women (53.3%). There were 43 middle fos- 
sa procedures (57.3%), 30 suboccipital procedures 
(40%), and two combined suboccipital-middle 
fossa procedures (2.7%). Sixty of the patients had 
lesions of 1.5 cm or less, nine had lesions of 1.6 to 2 
cm, and six had lesions of greater than 2 cm. Pure 
tone and speech audiometry was obtained on all pa- 
tients preoperatively and, when the cochlear nerve 
was spered, postoperatively. The preoperative 
hearing levels for 75 patients are reported in Table 1 
and the postoperative levels for 33 patients are re- 
ported in Table 2. 


Auditory braim stem response (ABR) was tested in 
66 of the patients and was found to be abnormal in 
65 ears (98.5% ) according to criteria described else- 
where. '* Nine patients were not tested because they 


TABLE 4. COMPARISON OF SUCCESS RATE OF MIDDLE 
FOSSA AND SUBOCCIPITAL PROCEDURES 


Suboccipital Middle Fossa Combined 


Category No. % No. % No. % 
A 10 33.3 16 37.2 2 100 
B 6 20.0 8 18.6 0 
C 3 10.0 7 16.3 0 
D 1] 36.7 12 27.9 0 
Total 30 43 2 


Percentages represent ratio of number in that category to total number 
for that procedure. 


eee eeesS—sesesSFs 


TABLE 5. HEARING PRESERVATION SUCCESS IN 18 
PATIENTS WITH BILATERAL ACOUSTIC NERVE 


TUMORS (VON RECKLINGHAUSEN’S DISEASE) 
— eae 


Category No, Ears % 
A 8 44.4 
B 3 16.7 
C 3 16.7 
D 4 22.2 





had been evaluated before 1977, when the proce- 
dure became available. 


Data on acoustic (stapedial) reflexes are reported 
in Table 3. Results were consistent with retrococh- 
lear disease in 70.7 % of the 75 ears according to the 
guidelines suggested in Sanders et al. '5 


Rollover or reduction in speech discrimination 
with increased intensity (performance intensity test- 
ing with use of phonetically balanced word list [PI- 
PB]) was evaluated in 53 patients and was positive 
for retrocochlear disease in 30 patients (56.6%) and 
negative in 23 (43.4%) with use of the Bess et al'® 
criteria for evaluation of the data. The presence of 
tumor was confirmed preoperatively with available 
medical imaging technology (posterior fossa myelo- 
gram, computed tomography, or magnetic reso- 
nance imaging) for each patient. 


RESULTS 


Total tumor removal was achieved in all 75 pa- 
tients. The degree of hearing preservation was de- 
termined by postoperative audiometry. Audiologic 
data were evaluated by grouping the patients into 
four categories for the comparison of results. 


Category A. Cochlear Nerve Sacrificed. The 
cochlear division was sacrificed during operation, 
as indicated in the operative notes (n = 28 [37.3% ]). 


Category B. Cochlear Nerve Intact, No Measur- 
able Hearing. The cochlear nerve was anatomically 
intact after the removal of the tumor (n=14 
[18.7% ]). 


Category C. Cochlear Nerve Intact, Poor Result. 
Measurable hearing was attained but was less than 
desired (more than 20-dB change in hearing and 
speech discrimination score less than 70%) (n= 10 
[13.3% ]). 


Category D. Successful Surgery. This category 
combined two subgroups: 1) good result, meaning a 
less than 20-dB change in the pure tone average and 


TABLE 6. SIZE OF TUMOR AT OPERATION 
BY HEARING PRESERVATION CATEGORY 


Size of Lesion (em 


Category 1.5 1.6 to 2.0 > 2.0 
A 19 ( 67.9%) 3 (10.7%) 6 (21.4%) 
B 11 ( 78.6%) 3 (21.4%) 0 
C 10 (100.0%) 0 0 
D 20 ( 87.0%) 3 0 


Includes five patients with bilateral disease. Percentage represents ratio 
of number in size group to total number in category. 
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TABLE 7, PREOPERATIVE AUDIOLOGIC DATA 
BY HEARING PRESERVATION CATEGORY 


Speech 


Frequency (Hz) Discrimination 

Category 500 1,000 2,000 4,000 Score (%) 
A (n= 28) Mean 22.0 23.8 27.9 44.3 71.7 
Range 5-65 5-65 5-60 0-80 0-100 
B(n=14) Mean 22.9 31.1 38.2 55.7 71.3 
Range 0-30 10-100 15-100 10-100 0-100 
C (n= 10) Mean 29.0 41.0 42.0 58.0 81.2 
= Range 5-80 1085 15-75 30-90 32-100 
D (n= 23) Mean. 19.3 20.0 27.4 35.9 93.7 
Range 555 5-55 5-65 575 72-100 


a less than 15% decrease in speech discrimination 
score (n=3); and 2) excellent result, meaning a 
postoperative pure tone change of less than 15 dB 
for 500-, 1,000-, and 2,000-Hz speech discrimina- 
tion scores (80% or better) (n = 20). These two sub- 
categories accounted for 30.7% of the total group. 


The four categories then were used to compare 
several variables for their significance in predicting 
success at operation. 


The comparison of the success rate of middle fos- 
sa versus suboccipital procedures can be seen in 
Table 4. Of the 30 suboccipital procedures, 11 
(36.7%) were successful, whereas 12 of 43 middle 
fossa procedures (27.9%) yielded successful results. 


The results of the procedures on 18 patients with 
von Recklinghausen’s disease are summarized in 
Table 5 and illustrate their somewhat poorer suc- 
cess rate. It should be noted that five of these pa- 
tients had lesions of over 2 cm and were relatively 
poor candidates. The data for the categories by 
tumor size are reported in Table 6. As is illustrated 
in the small number of six large tumors, the likeli- 
hood of preservation of the cochlear nerve is poor 
for these lesions. 


The preoperative pure tone and speech discrimi- 
nation data in the categories are shown are Table 7. 
Postoperative data for categories C and D are 
shown in Table 8. Although there was a tendency 
for the mean speech discrimination scores to be 
higher in successful procedures, overall audiometric 
data were similar among the categories. In the 
group of 75 acoustic tumor patients, no procedure 
produced a good or excellent result if the preopera- 
tive speech discrimination score was under 72%. 


TABLE 8, POSTOPERATIVE HEARING RESULTS 
FOR CATEGORIES C AND D 


Speech 
____Frequency (Hz) Discrimination 
Category 500 1,000 2,000 4,000 Score (%) 
C (n=10} Mean 74.0 64.0 72.7° 74.4f 33.7 
Range 45-95 50-100 55-95 50-95 0.72 
D (n=23) Mean 27.8 31.3 35.4 53.9 89.0 
Range 5-70 5-65 10-60 10-110 72-100 


*n= 9 (one ear with no response). 
Jn=7 (three ears with no response). 


TABLE'9. SPEECH DISCRIMINATION SCORES 
BY HEARING PRESERVATION CATEGORY 


Speech Discrimtnation Score (%) 


Category 90-100 80-89 70-79 60-69 50-59 0-49 


A » Il 8 6 2 0 1 

B 6 3 1 l 0 3 

C 3 2 3 0 1 ] 

D | 17 5 1 0 0 0 
Data are numbers of patients. 


Table 9 shows the discrimination score patterns by 

category. The five patients with poor discrimina- 

tion (0% to 49%) included an only hearing ear pa- 

tient and four patients with bilateral acoustic tu- 

mors. Hearing conservation was attempted in these 

patients because of the severe need to maintain any 
auditory sensitivity. 


The acoustic reflex data were also divided into 
four categories as summarized in Table 10. As can 
be seen, the incidence of normal reflex activity was 
higher in the successful procedures (56.5% ) than in 
categories A and B (less than 20%), and reflex ac- 
tivity was absent in category D only in 17.4% of 
cases. 


The ABR data are presented in Table 11. From 
criteria for evaluating the ABR, we assumed that 
the more involved the cochlear nerve in the tumor, 
the poorer the response would appear. This conclu- 
sion is supported by the observation of Josey et al’* 
that over time patients with acoustic tumors will 
show change to fewer waves, poorer morphology, 
and increased latency. Thus, the detection of the 
three predominant waves in the Jewett sequence 
(I-III-V) in the presence of a tumor, even with 
latency abnormality, was chosen as a sign of greater 
integrity in comparison to morphologic changes 
obscuring some or all waves. The majority of suc- 
cessful procedures in this review (78.2%) had good 
response (I-III-V intact), and none of the 23 suc- 
cessfully operated patients had the most common 
acoustic tumor pattern of no response. ** 


The PI-PB data were also reviewed by category 
and are summarized in Table 12. The majority 
(72.2%) of successfully operated patients evaluated 
by this technique (n=538) showed no rollover 
phenomenon. In contrast, only a small number of 
the category A patients (22.7%) showed negative 
findings. 


| 
The D data then were grouped to evalu- 


TABLE 10. PREOPERATIVE ACOUSTIC REFLEX DATA 
BY HEARING PRESERVATION CATEGORY 


: Acoustic Reflex 
Abnormal 
| Absent But Intact 


Category No. % No, % No, % 


A (n= 28) : 15 53.6 
B(n=14) . 7 50.0 
C (n= 10) 3 30.0 

4 17.4 


28.6 5 17.8 
42.9 ] 7.1 
50.0 2 20.0 
26.1 13 56.5 


D Nn D w 
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TABLE 11. AUDITORY BRAIN STEM RESPONSE BY HEARING PRESERVATION CATEGORY 
Auditory Brain Stem Response Pattern 
Intact I-I]]-V Intact I-V V Onl I Onl No Response 
i SY NO Response 


Category No. % No. % No. % No. % No. % DNT 
A (n= 25) 8 32.0 6 24.0 24.0 ] 4.0 4 16.0 3 
B (n= 14) 6 42.8 l tl 26.4 3 21.4 l 7.1 0 
C (n= 5) 2 20.0 ] 10.0 0 2 20.0 5 
D (n= 22) 18 78.2 4 17.4 0 0 l 


Auditory brain stem responses were obtained on 66 ears. Percentages reflect frequency that pattern occurred in that category. 


DNT — did not test. 


ate the efficiency of the battery approach to pre- 
dicting candidates who would succeed in preserving 
their hearing. The PI-PB data were not included 
beeause of the reduced number of patients in this 
greup. Using a speech discrimination score of 70% 
or better, an intact wave I-III-V pattern on the 
AER, and intact (whether normal or abnormal) 
acoustic reflex as positive indicators for hearing 
coaservation, we reviewed the patients by category. 
Only five of 25 of category A patients (20%), five of 
14 in category B (35.7%), and two of five in cate- 
gory C (40%) appeared to have positive audiologic 
signs and achieved successful results. However, in 
the category D patients, 15 of 22 successful out- 
comes were predicted (68.2%). 


DISCUSSION 


Jne of the problems in reviewing hearing preser- 
vacion in acoustic nerve tumor removal is in report- 
ing audiologic data. Some reviews report only the 
suecess in preserving the cochlear nerve. As can be 
seen from a study of categories B and C, preserva- 
tion of the nerve cannot be equated with integrity 
of the auditory system. Second, the problem of sum- 
merizing the audiologic data in a simple way has 
resulted in forced arbitrary decisions about criteria 
for success, such as the 50/50 rule. Some inves- 
tigators substitute SRT for pure tone average, ob- 
scuring some of the high frequency data and over- 
estimating the actual residual hearing since the SRT 
follows the best threshold. Although cumbersome, 
reporting the data for at least the speech frequencies 
as well as speech discrimination scores is one means 
of comparing group data across investigators. Good 
hearing for pure tones was not necessarily a predic- 
tor for success for the 75 patients in this report. Poor 
hearing and/or poor speech discrimination score 
were, however, accurate predictors of failure. The 
postoperative data exhibited the fragility of the 
high frequency auditory responses as represented by 
the marked decline in the 4,000-Hz threshold (even 
in the ears with successful results). 


An intact ABR, even if latencies were abnormal, 


was an encouraging sign (78.2%). Absence of any 
wave was consistent with failure. 


An intact acoustic reflex occurred in both success- 
ful and unsuccessful procedures but was most often 
observed in the successful ones. Rollover was most 
likely to be observed in cases in which the cochlear 
nerve ultimately was sacrificed during surgery. 
However, the overlap of categories and smaller 
number of patients for whom these data were avail- 
able made this test less meaningful. Combining the 
audiologic indicators of speech discrimination 
score, ABR, and acoustic reflex yielded a correct 
predictive rate of 80% of failures of category A pa- 
tients and of 68.2% of the successful patients in cat- 
egory D. While the overall success rate of surgery in 
the entire series of 75 was 30.7 % , more specific pre- 
operative audiologic data will allow the otologist to 
predict hearing preservation for an individual pa- 
tient more realistically. This prediction is enhanced 
by an analysis of the integrity of the auditory nerve 
as represented by the audiogram, speech discrimi- 
nation score, acoustic reflex, and ABR. The appli- 
cation of the I-III-V rule as a reflection of ABR in- 
tegrity successfully separates good from poor candi- 
dates. 


Review of the two types of procedures in this 
study yielded somewhat better success rates for the 
suboccipital procedures than the middle fossa pro- 
cedures. The superiority of either procedure should 
not be concluded on the basis of these data. The ex- 
perience with them both is not concurrent. The 
availability of intraoperative monitoring is one var- 
iable skewing these data. 


TABLE 12. PREOPERATIVE SPEECH DISCRIMINATION 
SCORE ROLLOVER (PI-PB) FOR 53 PATIENTS 
BY HEARING PRESERVATION CATEGORY 


Positive Rollover Negative Rollover 


Category No. of Pts No. % No. % 
A 22 Fi 17.3 5 22.7 
B 8 5 62.5 3 37.5 
C 5 3 60.0 2 40.0 
D 18 5 27.8 13 12.2 
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GAMMA KNIFE: AN ALTERNATIVE TREATMENT FOR 
ACOUSTIC NEURINOMAS 
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Despite surgical advances and technologic means of better monitoring seventh and eighth nerve function intraoperatively, there re- 
mains a group of patients for whom alternative methods of treatment are desirable. These include the elderly, those with bilateral tumors 
or tumors in only hearing ears, individuals with medical contraindications to major surgery, and those who refuse surgical resection. The 
University of Pittsburgh became the fifth world center and the first in the United States to install the “gamma knife” for stereotactic 
radiosurgery. On the basis of the pioneering work done at the Karolinska Institute in Stockholm, acoustic tumor patients who fulfill the 
above criteria are being treated. A tumoricidal single treatment closed-skull radiation dose is given through 201 sharply focused cobalt 60 
sources, minimizing the effects on surrounding brain or other tissues. Our early results are discussed and compared to those from more than 
200 cases in Stockholm. Complications and expected long-term results are presented. 


KEY WORDS — acoustic neurinoma, gamma knife. 


€tereotactic radiosurgery was introduced by Lars 
Leksell in 1951'; the technique initially was devel- 
oped in order to interrupt intracerebral pathways in 
patients with movement or psychiatric disorders 
without necessitating open surgery. It was based on 
the principle of rotating the radiation source about 
a semicircular plane with the desired lesion fixed at 
the center of the stereotactic guiding device. An 
early teletherapy was used initially, but was re- 
placed subsequently with a cyclotron-generated pro- 
tor beam and then a linear accelerator. These com- 
plex and inefficient techniques were replaced by a 
device containing 179 cobalt 60 sources in newly 
corstructed units that are spread along the inside of 
a heavily shielded hemisphere. The beams of radia- 
tion are individually collimated and focused at the 
center of the lesion, depending on its size and shape 


(Fiz 1). 


Conventional fractionated radiation is based on 
the biologic difference in radiosensitivity between 
normal and pathologic tissue. Stereotactic radiosur- 
gery delivers, in a single session, a high dose of ion- 
izing radiation to a preselected target with very lit- 
tle radiation to surrounding structures. Cerebral 
fractionated radiation generally is reduced to 1.8 
Gy per day to enhance brain tolerance. For this rea- 
son, a lengthy course of treatment would be neces- 
sary for adequate tumorcidal dosage. 


Stereotactic “radiosurgery” was first employed 
for acoustic tumors in 1969? at the Karolinska In- 
stitute in an effort to overcome these problems. The 
efficacy of gamma radiation in causing in vitro 
Schwann cell death was well demonstrated by An- 


niko et al. Single doses, as small as 30 Gy, were 
successful in destroying tissue cultures grown from 
acoustic neurinomas. 


Initial efforts were cumbersome and required cis- 
ternography and pneumoencephalography prior to 
transferring information onto plain stereotactic skull 
radiographs. Since 1976,° with the development 
of computed tomographic stereotaxis and improved 
dose planning, the procedure has improved and 
much retrospective information has been gained. At 
present, gamma radiosurgery is used as a primary 
modality for numerous intracranial lesions, the 
most common being arteriovenous malformations 
(more than 900 patients) .’"*° 


From 1980 to 1987, 286 acoustic neurinomas were 
removed surgically at the hospitals of the University 
of Pittsburgh. Despite improved means for intraop- 




















Fig 1. Artist’s drawing of gamma unit with cobalt 60 
sources and collimator helmet. 
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erative monitoring of cranial nerve function and 
constantly improving morbidity, we have defined a 
group of patients for whom alternative methods of 
treatment are valid. These include the elderly, those 
with bilateral tumors or tumors in only hearing ears, 
individuals with medical contraindications to major 
surgery, and those who refuse surgical extirpation. 
The introduction of the 201-source Co gamma ra- 
diosurgical unit at the University of Pittsburgh pro- 
vided an opportunity for such alternative manage- 
ment. 


THE SWEDISH EXPERIENCE 


More than 200 patients with acoustic tumors 
have been treated at the Karolinska Institute, and 
110 of these patients (with 115 tumors), treated be- 
tween 1969 and 1984, have been followed by Norén 
et al.'’ Because their largest collimator was 14 mm 
in diameter, patients with lesions of 14 mm or less 
were treated with two “shots”; a larger shot for the 
extracanalicular tumor and a smaller shot within 
the canal. Patients with large tumors require stereo- 
tactic repositioning of the head and several addi- 
tional irradiations. Changing the diameter of colli- 
mator helmets or plugging various beam channels 
can modify the shape of the dose delivered accord- 
ing to the tumor configuration (Fig 2A). It has been 
determined empirically that the tumor margin 
should receive between 50% and 90% of the central 
tumor dose. Critical structures surrounding the tu- 
mor determine the highest tolerable dose to be de- 
livered to the periphery. Although earlier doses 
were higher, at present the most effective dose lies 
between 18 and 25 Gy at the tumor margin, and 
maximal dosage within the tumor is 22 to 50 Gy, de- 
pending on the isodose selected for treatment (Fig 
2B). It is almost certain that reduction in these 
doses, as well as improved dose distribution, has re- 
sulted in the improved complication rates that will 
be discussed in greater depth. 


Radiologic Changes. Following radiation, 86% 
of the tumors either decreased in size or remained 
the same."! Statistics were slightly better in those 
patients treated from 1982 to 1984, as compared to 
earlier cases, and this was attributed to more homo- 
geneous dosimetry. It is significant that 91% of uni- 
lateral tumors responded, as compared to 67% of 
the bilateral tumors. A typical response results in 
gradual loss of intravenous iodinated contrast en- 
hancement on CT scanning within several months 
after treatment (Fig 2C). This begins in the center 
of the lesion and gradually spreads to the periphery. 
- Residual tumor then may regain enhancement over 
the next 1 to 2 years as gradual shrinkage in size oc- 
curs. Rarely, tumor size increases while enhance- 
ment is lost. This is attributed to edema and does 
not alter the eventual shrinkage. Some patients ex- 
hibit loss in tumor size without changes in enhance- 
ment. Fourteen percent of all tumors eventually in- 


creased in size!!; 16% of the earlier series and 12% 
of those from 1982 to 1984. Of these, four patients 
were reirradiated, five are being observed, and 11 
had surgical removal. 


Hearing. Sixty-three patients (66 ears) had meas- 
urable hearing that was followed subsequent to 
therapy. One year following treatment, 27% of 
patients had no change in hearing. Two patients 
had significant improvement in hearing, and 20% - 
were completely deaf. The remaining group had a 
loss in pure tone average and/or discrimination 
scores. It should be remembered that many of these 
individualsihad poor hearing to begin with, as only 
a pure tone average of 90 dB or less was necessary 
pretreatment for inclusion in the results. Of those 
individuals ‘with beginning losses of 20 dB pure tone 
average or |less, 56% had preservation at l year, 
54% at 2 years, and 28% at 6 years. It can be 
stated, therefore, that gradual deterioration of 
hearing occurs in the majority of cases. No differ- 
ence was recorded in those with bilateral tumors, 
except for one case of sudden deafness. 


Facial Nerve Function. Transient facial nerve 
weakness oecurred in a total of 15% of all patients 
in this series.’ However, only 9% of cases occurred 
in the series from 1982 to 1984, and only 3% from 
1983 to 1984. No patients who received less than 27 
Gy developed paresis, and only one receiving less 
than 30 Gy. Definite correlation of facial weakness 
to maximal dosage is seen, and the great majority of 
those affected received more than 40 Gy. Facial 
weakness has a usual latency period of 6 to 9 months. 
Complete recovery was uniform, with only a few 
patients having remaining synkinesis. 


Other Complications. Eighteen percent of all pa- . 
tients reported mild facial hypoesthesia, but only 
9% did in the later series.’ The latency period was 
similar to that for facial weakness. Motor involve- 
ment in the trigeminal nerve was seen rarely. Im- 
provement ‘occurred in the milder cases and inci- 
dence was related again to dosage. Cerebrospinal 
fluid shunt ‘procedures were performed in approxi- 
mately 10% of patients for communicating hydro- 
cephalus," although it is not clear what proportion 
of these patients had indications for shunting prior 
to treatment. Peritumoral edema of the adjacent 
cerebellum ' ‘developed in 5% of patients’? and was 
responsible ifor various degrees of imbalance attrib- 
uted to radiation disturbance in the distribution of 
the anterior inferior cerebellar artery. Recovery 
was the rule within 6 to 12 months. 

THE PITTSBURGH EXPERIENCE 


Between | August 1987 and January 1988, nine pa- 
tients with unilateral and four patients with bilater- 
al tumors were treated. Patients undergoing stereo- 
tactic radiosurgery are sedated and a Leksell stereo- 
tactic frame (Elekta Instruments, Decatur, Ga) is 
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attached to the head with the patient under local 
anesthesia. The entire procedure, including stereo- 
tactic localization and treatment, requires 3 to 6 
hours. Patients are kept in the hospital overnight 
and discharged the following morning. Approxi- 
mately 25% of the patients treated developed head- 
ache and/or nausea, and those were the chief rea- 
sons for overnight admission. 


Fig 2. Computed tomographs of left-sided acoustic neuroma. A) 
With accented outline prior to dose planning. B) With superim- 
posed dosimetry. Asterisks — two separate “shots” for intra- 
canalicular and extracanalicular portions of tumor. C) Enhanced, 
4 months following gamma radiosurgery, showing loss of central 
enhancement. 


Because of the short period of follow-up in this 
series, we cannot compare our results to those of 
Norén et al.'' Nevertheless, it is reasonable to expect 
that our patients will experience similar long-term 
benefits. Three of our patients had significant medi- 
cal problems causing increased surgical risk, and 
three other patients were over the age of 70. Four 
patients had undergone previous surgery for their 
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PRELIMINARY HEARING RESULTS 


Patients Pretreatment Posttreatment 
Unilateral tumors 
l — 
2 Deaf — 
3 Deaf — 
4 Deaf = 
5 35 SRT, 8% disc Unchanged 
6 70 SRT, 28% disc Unchanged 
7 73 SRT, 16% disc Unchanged 
8 60 SRT, 52% disc Unchanged 
9 15 SRT, 96% disc Unknown 
Bilateral tumors 
10 Deaf — 
ll Deaf — 
12 36 SRT, 28% dise Unknown 


13 20 SRT, 86% disc Sudden deafness (4 mo post- 
treatment) 


SRT — speech reception threshold, disc — speech discrimination. 


tumors. Two individuals were younger than age 30, 
but both had bilateral tumors and were attempting 
to save hearing. 

Of the total 13 patients, six were deaf prior to 
treatment in the affected ear. Four have experienced 
no change in hearing thus far (see Table). One indi- 
vidual with bilateral tumors (who had four prior 
operations) experienced sudden deafness approxi- 
mately 4 months posttreatment. He was given high 
dose steroids without benefit. Two patients have 
not as yet had follow-up testing. None of this series 
has, as yet, developed facial paresis or other compli- 
cations. Because of the new diameter collimator (18 
mm) available for the first time for the Pittsburgh 
unit, tumors of larger size (25-30 mm) can now be 
treated. 


DISCUSSION 


Despite the proven efficacy of radiation in treating 
neurinomas in vitro, it has generally been believed 
that this mode of treatment was ineffective. This is 
undoubtedly in part because of great strides in sur- 
gical management by William House and many oth- 
ers. It was also due to the previous lack of technical 
means with which to deliver radiation while spar- 
ing surrounding vital structures. Results of stereo- 
tactic radiosurgery in a significant number of pa- 
tients treated since 1969 show a success rate of 86 % 
as measured by failure of tumor growth. The con- 
stant improvement in complication rates has ac- 
companied changes in dosage and dosimetry tech- 
nique. 


Results of gamma knife therapy are not directly 
comparable to those of surgery, as the tumor is not 
removed. Despite this, adequate follow-up is avail- 
able from the Karolinska experience to demonstrate 
long-term control in a great majority of patients. 
Hearing preservation rates at 4 to 6 years are prob- 
ably comparable with those of the best surgical 
series’*"'* (immediately postoperative). Despite the 


fact that continued progressive loss of hearing oc- 
curs in better than 50% of patients, it usually pro- 
ceeds slowly. and therefore the treatment provides 
audition for at least some period of time (as opposed 
to sudden deafness following surgery). This is of de- 
cided importance in those individuals with bilateral 
tumors, or tumors in an only hearing ear, as it pro- 
vides time in which those individuals can adapt to 
other methods of communication. 


Chen ang associates (unpublished observations) 
reported at the Western Section Meeting of the Tri- 
ological Society in 1986 on five patients treated at 
the Karolinska Institute and followed at the Otolog- 
ic Medical Group, Los Angeles. Dosage and meth- 
ods of treatment were reported incompletely and it 
was not stated when these patients were treated. 
Tumor growth was arrested in four of five patients. 
Hearing was lost in three of four patients in whom it 
was present pretreatment. Two patients had cranial 
neuropathies and in both cases maximal doses much 
higher than ‘those used presently were given. One 
individual réquired surgery for removal of a tumor 
that continued to enlarge. 


Advantages of gamma knife radiosurgery in cost 
containment are obvious and impressive. In our ex- 
perience, hospital charges alone were reduced an 
average of 65% when compared to an average 
length of stay for surgery. The American Medical 
Association established a five-digit current proce- 
dural terminology code in December 1987 for this 
procedure, „and Blue Shield of Western Pennsy]- 
vania recently ‘determined a reimbursement rate. 


SUMMARY 4 

Surgical removal of acoustic tumors remains ‘the 
treatment of choice for most afflicted individuals. 
Total removal of this and other neoplasms usually is 
rewarded with the best long-term results. Surgical 
morbidity and mortality have been reduced dra- 
matically during the past two decades, and improved 
intraoperative electrophysiologic monitoring un- 
doubtedly will reduce even further the postopera- 
tive cranial nerve deficits. Despite these facts, most 
surgeons have searched for alternative treatment 
methods for a small number of patients with special 
problems. Adequate evidence now exists that the 
gamma knife will provide control of tumors in these 
patients over long periods of time. Hearing conser- 
vation comparable to that of the best reported sur- 
gical series and total facial nerve preservation of 
97% are statistics that increase the appeal and ap- 
plication of this procedure. Despite the fact that our 
own results are early and inconclusive, we believe 
that they will duplicate those reported by Norén et 
al.!! Furthermore, it is our desire to inform the 
otologic community of an effective alternative 
method of treatment available in the United States 
for the first time. 


t 


Kamerer et al, Gamma Knife 635 


REFERENCES 


1. Leksell L. The stereotaxic method and radiosurgery of the 
brain. Acta Chir Scand 1951;102:316-9. 


2. Laasonen EM, Troupp H. Volume growth rate of acoustic 
neurinomas. Neuroradiology 1986;28:203-7. 


3. Newman H, Sheline GE, Boldrey EB. Radiation therapy 
oftumors of the eighth nerve sheath. AJR 1974;120:562-7. 


4. Anniko M, Arndt J, Norén G. The human acoustic neu- 
roma in organ culture. Acta Otolaryngol (Stockh) 1981;91:223- 
3& 


5. Anniko M. Early morphological changes following gamma 
radiation. Acta Pathol Microbiol Scand [A] 1981;89:113-24. 


6. Bergstrom N, Grertz T. Stereotactic computed tomogra- 
pły. AJR 1976;127:167-70. 


7. Leksell D. Stereotactic radiosurgery — present status and 
future trends. Neurol Res 1987;9:60-8. 


8. Norén G, Arndt J, Hindmarsh T. Stereotactic radiosurgery 
im cases of acoustic neurinomas: Further experiences. Neurosur- 
gery 1983;13:12-22. 


9. Hirsch A, Norén G, Anderson H. Audiologic findings after 
ste-eotactic radiosurgery in nine cases of acoustic neuromas. Acta 


l 


Otolaryngol (Stockh) 1979;88:155-60. 


10. Rand R. The stereotactic cobalt-60 gamma unit in the 
treatment of acoustic neuromas. In: Brackmann D, ed. Neurolog- 
ical surgery of the ear and skull base. New York: Raven Press, 
1982:379-89. 


11. Norén G, Arndt J, Hindmarsh T, Hirsch A. Stereotactic ra- 
diosurgical treatment of acoustic neurinomas. In: Lunsford LD, 
ed. Modern stereotactic surgery. Boston: Martins Nijhoff, 1988: 
481-90. 


12. Wade P, House W. Hearing preservation in patients with 
acoustic neuromas via the middle fossa approach. Otolaryngol 
Head Neck Surg 1984;92:184-93. 


13. Brackmann D. Middle cranial fossa approach. In: House 
W, Luetje C, eds. Acoustic tumors. Vol 2. Baltimore: University 
Park Press, 1979:15-40. 


14. Cohen N, Ransohoff J. Hearing preservation — posterior 
fossa approach. Otolaryngol Head Neck Surg 1984;92: 176-83. 


15. Smith M, Lagger R. Hearing conservation in acoustic neu- 
rilemmoma surgery via the retrosigmoid approach. Otolaryngol 
Head Neck Surg 1984;92:168-75. 


CONFERENCE ON THE EUSTACHIAN TUBE AND MIDDLE EAR DISEASES 


The Conference on the Eustachian Tube and Middle Ear Diseases will be held October 26-29, 1989, in Geneva. For further informa- 
tien, contact Prof Jacob Sade, Chairman, c/o The Secretariat, Conference on the Eustachian Tube and Middle Ear Diseases, Intercon- 
tiaental Hotel Geneva, 7-9 CH du Petit Saconnex, CH-1211 Geneva 19, Switzerland. 


Ann Otol Rhinol Laryngol 97:1988 


Ar Oya 


OTOLOGIC DISEASE IN PATIENTS WITH ACQUIRED 
IMMUNODEFICIENCY SYNDROME 


F tee we ~ yt Nie 
& 


-DARIUS SOHAN, MD 
STEPHEN G. ROTHSTEIN, MD °S, 
New York, New Yor 


NOEL L. COHEN, MD 


| 


A 5-year retrospective study E otologic disease i in patients with acquired EE syndrome (AIDS) was conducted 
at the New York University Medical Center-Bellevue Hospital Center. Twenty-six patients with documented otologic disease who met the 
Centers for Disease Control criteria for AIDS were identified and their charts were analyzed according to presenting complaints, physical 
examination, diagnostic modalities, pathologic condition, management, and outcome. ‘A marked diversity of otologic diseases of varying 
severity was noted. The majority of patients complained of hearing loss and otalgia during their hospitalization for treatment of AIDS- 
related opportunistic infections. The most frequent diagnoses were otitis externa; acute otitis media, and otitis media with effusion. Sen- 
sorineural hearing loss frequently appeared to be related to ototoxic medications and neurologic infections. 


KEY WORDS-— acquired immunodeficiency syndrome, aural polyps, otologic disease, Pneumocystis carinii. 


INTRODUCTION 


The medical community is currently involved in 
a furious race against time to combat the spread of 
the acquired immunodeficiency syndrome (AIDS). 
The latest data indicate that of 56,212 people with 
AIDS diagnosed as of March 14, 1988, ! about 50% 
have died. It is estimated that 1.5 million Ameri- 
cans carry the AIDS retrovirus (HIV; human immu- 
nodeficiency virus).** A significant number of re- 
searchers now believe.that given a sufficiently long 
follow-up period, most individuals who are HIV 
antibody-positive will develop AIDS.** 


As physicians, we are faced with the prospect of 
caring for an increasing number of AIDS patients. 
Familiarity with the protean manifestations of 
AIDS is important for early diagnosis and treat- 
ment. The recent otolaryngologic literature docu- 
ments the head and neck presentations of AIDS,** 
but otologic disease in these patients has not been 
reviewed. We noted a wide variety of otologic dis- 
ease, with some presentations being attributed to 
the AIDS entity. We hope that this article will com- 
plement our body of knowledge of this disease and 
allow for earlier diagnoses and improved therapy 
for our patients. 


METHODS 


A retrospective analysis of patient charts at New 
York University Medical Center-~Bellevue Hospital 
Center from January 1983 to March 1988 was con- 
ducted. Twenty-six charts of patients with AIDS 
who had otologic complaints or were found to have 
otologic disease on routine admission physical ex- 
aminations were studied. These patients all met the 


new Centers for Disease Control criteria for the di- 
agnosis of AIDS. ” Each patient underwent evalua- 
tion and treatment by members of the Department 
of Otolaryngology. Presenting complaints, physical 
findings, laboratory data, diagnoses, management, 
and outcome were all extracted from the charts. 
Audiometry, and tympanometry were performed 
when indicated and possible. Human immunodefi- 
ciency virus: antibody testing was performed by the 
City of New: York Department of Health laboratory 
by use of the standard enzyme-linked immuno- 
sorbent assay (ELISA), with confirmation by the 
Western blot technique. The patients’ clinical course 
was followed by an otolaryngologist until the reso- 
lution of otologic disease was noted and the condi- 
tion stabilized at optimal attainable levels, or the 
patients died of other AIDS-related opportunistic 
infections. | 


TABLE 1. PATIENT POPULATION 


Male Female 

Number l 19 7 
Race l 

White 2 1 

Black 7 2 

Hispanic | 10 4 
Age 

Mean | 37.8 yr 30.6 yr 

Median 34 yr 35 yr 
Risk factors | 

IVDA | 8 6 

Bisexuality/homosexuality 9 0 

IVDA/homosexuality l 0 

Mother, IVDA 1 0 

Sexual partner, IVDA 0 1 
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TABLE 2. DISEASE REQUIRING 
PATIENT HOSPITALIZATION 


Diagnosis No. of Pts 
Pneumocystis carinii pneumonia 6 
CNS toxoplasmosis 3 
Active pulmonary tuberculosis 3 
Lymphoma 2 
Disseminated herpes 9 
Tubereulous meningitis l 
Disseminated tuberculosis l 
Chronic active hepatitis l 
Fever of unknown cause l 
Total 20 


RESULTS 


The charts of 19 male (73%) and seven female 
(27%) patients from the New York metropolitan 
area were studied (Table 1). One woman’s male sex- 
ual partner was known to be HIV-positive. The 
ma-e population was divided equally between those 
who acquired the AIDS virus from intravenous 
drug abuse and those with a history of homosexual 
anc/or bisexual behavior. The only child in our 
study was a boy born to a mother who had AIDS. 
Twenty patients (77%) were evaluated for their 
otorogic disease while they were undergoing con- 
comitant workup and therapy for AIDS-related ill- 
ness requiring hospitalization (Table 2). Six patients 
(23%) presented to our otolaryngology clinic seek- 
ing medical attention primarily for otologic symp- 
toms. A diverse group of otologic complaints vary- 
ing in severity were noted and consisted of hearing 
loss (62%), otalgia (50%), otorrhea (31%), vertigo 
(15%), and tinnitus (15%) (Table 3). 
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TABLE 3. FREQUENCY OF OTOLOGIC COMPLAINTS 


Total No. No. With 


Otologic and Percentage of This Symptom 
Complaints Pts With Complaint as First Complaint 
Hearing loss 16 (62%) 5 

Otalgia 13 (50%) 4 
Otorrhea 8 (31%) 4 

Vertigo 4 (15%) l 
Tinnitus 4 (15%) 0 


Table 4 lists in decreasing order of frequency the 
otologic diagnoses determined after our evaluation 
as well as the outcome after otolaryngologic thera- 
py. Some patients had multiple otologic diseases. 
The most frequent diagnoses were acute otitis me- 
dia and otitis externa, each involving six patients 
(16%). Standard therapy resulted in complete reso- 
lution of symptoms in 11 patients. One male with 
acute otitis media was lost to follow-up. 


Seven patients were shown to have sensorineural 
hearing loss (SNHL). Three of these patients had 
multiple exposures to ototoxic drugs (streptomycin 
and aminoglycosides). One patient was lost to 
follow-up immediately and the other two had per- 
sistent SNHL 6 months after stopping medication. 
The remaining four patients were divided among 
CNS toxoplasmosis and cryptococcal meningitis, 
CNS toxoplasmosis alone, tuberculous meningitis, 
and luetic otitis. One of these patients was lost to 
follow-up after 4 months of unsuccessful treatment; 
however, in all four cases the audiograms remained 
unchanged despite appropriate therapy. The pa- 
tient with luetic otitis did not receive steroids be- 
cause of her immunocompromised state. 


TABLE 4. FREQUENCY OF OTOLOGIC DIAGNOSES AND OUTCOME AFTER THERAPY 





Percentage 
of Tota 

Diagnosis No. of Pts Otopathology Outcome After Therapy 
Otitss externa 6 16.2 All resolved 
Acuse otitis media 6 16.2 5 resolved; 1 lost to follow-up 
SNEL 7 18.9 

Ořotoxic medication 3 8.1 2 no improvement; 1 lost to follow-up 

C-yptococcal meningitis, 

CNS toxoplasmosis l 2.7 Unchanged 

CNS toxoplasmosis l 2.7 Unchanged 

Luetic otitis l 2.7 Unchanged 

Tuberculous meningitis ] 2.7 Lost to follow-up 
OME 13.5 4 resolved; 1 died of Pneumocystis carinii pneumonia 
Impacted cerumen 10.8 All resolved 
Herpes zoster myringitis 

(Famsay Hunt syndrome) 2 5.4 Both resolved 
Aural polyps with Pneumocystis 

carinii 2 5.4 Resolution of conductive hearing loss and of polyps, 

but persisting SNHL 

Mastoiditis 2 5.4 Both resolved 
TM bderforation 2 5.4 

Due to trauma l A Both lost to follow-up 

Dae to AOM l PAN i 
Chotsteatoma l PA Closed air-bone gap with mild persistent SNHL 
Tota 37 100.0 


“NHL — sensorineural hearing loss, OME — otitis media with effusion, TM — tympanic membrane, AOM — acute otitis media. 
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FREQUENCY , kHz 


HEARING LEVEL , dB (ANSI 969) 


Four patients were found to have impacted ceru- _ 


_ men, which was easily removed. Five patients had 
otitis media with effusion (OME). One patient died 
while undergoing therapy for pneumonia and the 
other cases of serous otitis media resolved. Two pa- 
tients with disseminated herpes also had bullous 
myringitis. One had a positive Tzanck smear for 
herpes. Although these patients did not have facial 
- nerve involvement, a probable diagnosis of Ramsay 
Hunt syndrome was made, and the patients were 
treated successfully with intravenous acyclovir. 


Two patients without other manifestations of 
AIDS were found to have aural polyps protruding 
through the tympanic membrane that on biopsy 
proved to be infected with Pneumocystis carinit. 
The individuals were HIV antibody—positive. Immu- 
nofluorescence studies confirmed this finding in one 
patient. Audiometry and tympanometry revealed 
bilateral moderate mixed hearing loss in both pa- 
tients. Oral antibiotic therapy was started with tri- 
methoprim-sulfamethoxazole, with resolution of 
the polyps in both patients. After treatment, a mild 
SNHL persisted in one patient but the conductive 
loss resolved in both (Fig 1). 


Two patients were found to have perforated tym- 
panic membranes, one because of trauma and the 
other secondary to severe acute otitis media. Both 
patients were lost to follow-up during therapy. Two 
patients had mastoiditis, which resolved with anti- 
biotics. One patient with cholesteatoma required a 
tympanomastoidectomy. Postoperatively he had a 
persistent mild SNHL. 


DISCUSSION 


Present knowledge of the AIDS virus and its path- 
ophysiology is incomplete. However, we do know 
that HIV is neurotropic® and especially lympho- 
tropic,® and results in immunocompromise. Patients 
with AIDS are susceptible to numerous opportunis- 
tic infections, including those that attack the upper 
respiratory tract. Reactive lymphoid tissue hyper- 
plasia involving the adenoids may lead to obstruc- 
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Fig 1. Audiograms of patient with 
aural polyp infected with Pneu- 
mocystis carinii. A) Before thera- 
py. B) After therapy. 


tion of the| eustachian tube. They also may have 
related diseases such as OME, acute otitis media, 
mastoiditis,, tympanic membrane perforations sec- 
ondary to cover otologic infections, or cholesteato- 
ma from chronic ear disease. The patients in our 
study who had these otologic entities were managed 
successfully: with conventional treatment. In most 
cases audiometry revealed restoration to normal 
hearing after therapy. 


Seven patients had persistent SNHL. In three in- 
stances the'hearing loss was traced to the use of 
well- known ototoxic aminoglycoside antibiotics.’ 
Numerous other drugs used in the treatment of AIDS 
patients also may have otologic side effects. For ex- 
ample, acyclovir" may cause vertigo, trimetho- 
prim-sulfamethoxazole” may cause vertigo and tin- 
nitus, and azidothymidine’® may lead to vertigo and 


hearin g loss, 


Many patients with AIDS have histories of past 
venereal diseases including syphilis (85% to 
Da) Given this, one would expect a signifi- 
cant number of cases of luetic otitis and the associ- 
ated SNHL.° Since otosyphilis is a tertiary manifes- 
tation of syphilis, people with AIDS may not live 
long enough to develop this disease. A recent report 
by Smith and Canalis’ indicates that HIV may acti- 
vate latent syphilis. 


Toxoplasmosis i is the most common opportunistic 
infection to affect the CNS.'* Our study includes 
two such patients who also had bilateral SNHL. 
One of these patients also suffered from cryptococ- 
cal meningitis, which is known to be associated 
with hearing loss in up to 25% of patients.'* An- 
other patient with SNHL had tuberculous meningi- 
tis. These patients with CNS infections had persis- 
tent hearing loss despite standard antibiotic thera- 

py. In these cases, it is unclear if the hearing loss 
was due to the AIDS virus attacking the nervous sys- 
tem or if it was the opportunistic infection that re- 
sulted in the decreased hearing acuity. 


Two patients with disseminated herpes infections 
and associated unilateral bullous myringitis re- 
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Fig 2. Monoclonal antibody im- 
munofluorescence study of Pneu- 
mocystis carinii cysts. 


spended favorably to intravenous acyclovir with 
rapid relief of otalgia and healing of the vesicular 
lesions. In both cases, the facial nerve function was 
intact. 


The most unusual otologic presentation was 
found in two patients with risk factors for AIDS but 
no somatic manifestation on examination. Both pa- 
tients complained of unilateral otorrhea, otalgia, 
and hearing loss. Each was discovered to have an 
aural polyp infected with P carinii, Treatment with 
excisional biopsies and a 3-week course of oral 
trimethoprim-sulfamethoxazole led to resolution of 
symptoms in both patients. Histology and immuno- 
pathology positively identified the human-type P 
carinti cysts and trophozoites in the aural polyp (Fig 
2).*° These cases are quite different from the ones 
previously described. All the other patients were di- 
agnosed with AIDS before the development of oto- 
pathology, but the patients with aural polyps were 





referred to the otologist, who was the first to cor- 
rectly diagnose AIDS in these patients. 


CONCLUSION 


This study demonstrates the wide variety of oto- 
logic manifestations in the AIDS population. The 
spectrum of otopathology runs from simple OME to 
aural polyps with P carinii to cholesteatoma forma- 
tion. Well-established conventional therapy was ef- 
fective and in most cases resulted in rapid diminu- 
tion of otologic complaints. 


Despite many recent advances in our understand- 
ing of the pathophysiology of AIDS and the devel- 
opment of new treatment modalities, there has been 
only a minimal decrease in the morbidity and no 
improvement in the mortality associated with this 
entity. Earlier diagnosis and treatment of the mani- 
festations of AIDS may allow for improved quality 
of life in a population with a frequently fatal illness. 
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MAJOR CONGENITAL EAR MALFORMATIONS: SURGICAL 
MANAGEMENT AND RESULTS 


PAUL R. LAMBERT, MD 


CHARLOTTESVILLE, VIRGINIA 


Fifteen patierts with major congenital aural atresia underwent operations using an anterior (trans-atretic bone) approach. Facial 
nerve monitoring was used in all cases and there were no instances of facial nerve injury. Postoperatively, two thirds of the patients had 
spesch reception thresholds of 30 dB or better; the air conduction threshold (averaged for 500, 1,000, and 2,000 Hz) improved at least 25 
dBin 80% of the patients/and at least 30 dB in 60% of the patients (follow-up, 10 to 29 months). Minor revision surgery was necessary in 
three patients. On the basis of this series, several conclusions were made. First, one of the most important factors in proper patient selection 
is tne degree of middle ear development on computed tomography, both in terms of size and ossicular formation. Second, every attempt 
shauld be nade to keep the ossicular chain intact (versus use of a prosthesis), as this appears to optimize hearing results. Third, embryologic 
corsiderations and surgical experience predict a mobile stapes in the majority of major atreslas. Lastly, facial nerve abnormalities are to be 
expected, especially in patients with significant microtia, but facial nerve monitoring will help minimize the risk of facial nerve injury. 


KEY WORDS — aural atresia, congenital ear malformations, facial nerve, microtia. 


INTRODUCTION 


Congenital atresia of the ear presents a multi- 
faceted problem, often requiring the expertise of 
several medical disciplines. The complexity of this 
problem demands a systematic approach, from the 
initial evaluation to the rehabilitative recommenda- 
tions. Surgical correction of the ear, if elected, re- 
quires a thorough knowledge of temporal bone 
acatonry, both normal and as associated with ab- 
ncrmal development. The challenge facing the oto- 
logic surgeon is to create a functional conductive 
pethway for sound, from the external ear to the 
cochlear fluids, while preserving facial nerve and 
labyrinth function’ and avoiding postoperative 
canal stenosis or infection. This paper will review 
the surgical results in a group of 16 consecutive pa- 
tients with major congenital atresia, and discuss the 
preoperative assessment and operative technique, 
including the role of intraoperative facial nerve 
monitoring. 


HISTORICAL REVIEW 


The understanding and treatment of congenital 
atzesia of the ear, as with many other otologic dis- 
orders, has undergone exceptional progress in the 
last 50 Fears, compared with its slow evolution pri- 
or to 1900. Records from early civilizations show 
almost a total neglect of anatomic research, in part 
because many religions forbade studying or even 
touching a cozpse. The fact that pathologic anat- 
omy did not develop as an independent discipline 
urtil the mid-1800s had a profound effect on medi- 
cal progress.’ In the seventh century AD the first ac- 


curate description of atresia of the ear was made by 
Paulus of Aegina.' He distinguished between super- 
ficial and deep atresias and between those that were 
congenital and acquired. He recommended treat- 
ment by simple incision when possible. Cauteriza- 
tion with a hot iron probe was added later to the 
surgical armamentarium, and such was the general 
state of surgical management of atresia until the 
20th century. 


The introduction of modern tympanoplasty tech- 
niques in the 1950s, use of the operating micro- 
scope, and advances in audiologic and radiographic 
diagnostic testing opened new vistas for otologic 
surgery, including that for congenital atresia. 
Shortly, a number of reports appeared in the lit- 
erature detailing successful surgical treatment of 
congenital aural atresia.2® In the last decade, re- 
ports by Jahrsdoerfer,’ Nager and Levin,’ Bellucci,’ 
Glasscock et al,'° De la Cruz et al,'! and Mattox and 
Fisch? have outlined the current trends in the diag- 
nosis and management of congenital aural atresia. 


CLASSIFICATION 


On the basis of Altmann’s’’ classification scheme, 
congenital ear malformations can be divided into 
major and minor groups. In the major group, the 
external canal and tympanic membrane are absent, 
the middle ear cavity is small, and the malleus and 
incus are deformed and fixed. Microtia is usually 
present and hypoplasia of the mandible can occur. 
In the minor malformation group, the significant 
defect usually involves deformity of the ossicles with 
patency of the external canal and presence of a tym- 
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panic membrane, although these latter structures 
may be small. In this paper, congenital ear atresia 
will refer only to the major malformation group. 


Deformity of the auricle has been divided into 
three grades.'* Grade 1 represents a minor malfor- 
mation, with the auricle being smaller than normal 
but with all parts discernible. In grade 2 microtia 
the auricle is represented by a vertical or curving 
ridge of tissue. In grade 3 microtia any resemblance 
to an auricle is lost, and only a small, rudimentary 
soft tissue structure is present. 


EMBRYOLOGY 


The ossicles, except for the footplate of the stapes, 
are formed from the first and second branchial 
arches, and the external canal and tympanic mem- 
brane are derived from the first branchial cleft. Iso- 
lated branchial arch (ossicular) or branchial cleft 
(external canal) deformities are possible, but usual- 
ly these malformations occur in combination.’ 
Other branchial arch defects may be present also, 
especially mandibular hypoplasia. Because the 
membranous labyrinth is derived from the ecto- 
dermal otocyst, sensorineural and vestibular func- 
tion should be normal. The stapes footplate is 
formed in part from the otic capsule, and in most 
cases it, too, is normally developed. Both Jahrs- 
doerfer and Fisch state that they have never en- 
countered a fixed stapes footplate in the usual major 
congenital ear malformation, although the super- 
structure is often deformed (personal communica- 
tions). This information is important, since the 
stapes often is partially obscured by the lateral 
ossicular mass or the facial nerve, and its normal 
mobility may be difficult to determine with certain- 
ty. In congenital atresia, a bony fusion of the in- 
cudomalleal joint is present. Of the two ossicles, the 
malleus is the more deformed and usually smaller in 
size. The manubrium and/or head of the malleus is 
fixed to the atretic bone by a bony union. 


The eustachian tube, middle ear, and mastoid air 
cells are derived from the first pharyngeal pouch. 
There have been no anatomic or clinical studies 
showing impaired eustachian tube function in pa- 
tients with aural atresia, but usually the middle ear 
cavity and mastoid air cells are smaller than nor- 
mal, Pneumatization of the mastoid is a late em- 
bryologic event, starting at the seventh or eighth 
month and continuing in postnatal life. A well- 
pneumatized mastoid, therefore, usually indicates 
good middle ear development, including size of the 
tympanum and ossicular formation. The relation- 
ship between middle ear development and degree of 
differentiation of the external ear is disputed.’ 


The tympanic bone, which begins:as a condensa- 
tion of mesenchyme called the tympanic ring, forms 
the medial portion of the external canal. Beginning 
in the third embryonic month, the tympanic bone 
begins to ossify, eventually forming the tympanic 


ring and osgeous ear canal; the latter structure con- 
tinues its lateral growth during the first and second 
postnatal years. Malformation of the tympanic 
bone produces atretic bone at the level of the tym- 
panic membrane, and also results in atresia of the 
external canal.’ The mandibular condyle articulates 
with this rudimentary tympanic bone. 


The external canal is derived from the first bran- 
chial groove and initially is represented by a solid 
core of epithelial cells that extends down to the area 
of the tympanic ring and first pharyngeal pouch. 
The core of epithelial cells remains in place until the 
seventh month of fetal life, a time when almost all 
structures of the inner, middle, and outer ear are 
well differentiated. At this point, absorption of the 
epithelial cells begins, progressing in a medial-to- 
lateral direction. If this canalization process is ar- 
rested prematurely, it is possible to have a more 
normally developed tympanic membrane and bony 
external canal in association with an atretic mem- 
branous external canal, 


Abnoumialities of the facial nerve frequently are 
associated with ear malformations.'*'* Bony dehis- 
cence of the! fallopian canal is common, and the fa- 
cial nerve also may take an anomalous course. Typi- 
cally, the facial nerve makes an acute angle at the 
second genu, crossing the middle ear in a more an- 
terior and lateral direction to exit into the glenoid 
fossa. In such cases, the facial nerve may lie just 
deep to the; area of the tragus. A correlation be- 
tween the dégree of microtia and the extent of facial 
nerve abnormality has been noted.’ 


: METHODS 


Patients. From September 1985 through June 
1987 (22 months) 20 patients with congenital aural 
atresia underwent surgery by the author at the 
University of Virginia Health Sciences Center. In 15 
patients (16 ears) the atresia was major (eg, de- 
formed pinna, absent external canal and tympanic 
membrane, and ossicular deformity with fixation), 
and treatment of these patients constitutes this re- 
port. There were ten males and five females ranging 
in age from 4 years to 24 years (mean, 8 years). Pa- 
tient follow-up ranged from 10 to 29 months (mean, 
14 months). 


Diagnoses within this group of patients included 
unilateral isolated atresia (n = 8), hemifacial miero- 
somia (n= 3), bilateral isolated atresia (n= 2), 
Goldenhar’s syndrome (n=1), and chromosome 18 
long arm deletion (18q —) syndrome (this is the one 
patient who underwent surgery for bilateral atre- 


sia). ; 


A total of 20 operations were performed on the 16 
ears. In addition to the 16 primary procedures, 
three revisions were required: two for canal stenosis 
and one for tympanic membrane lateralization; and 
one patient underwent a planned second-stage pro- 

! 
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Fig 1. Right ear in surgical position. A) Tympanic bone remnant (arrow). B) Fused head of malleus and body of incus have been un- 
coverec in epitympanum (arrow). Note remaining atretic bone (arrowhead). 


cecure when cholesteatoma was found in the mid- 
dle ear space. Although this latter patient’s follow- 
up has been over 1 year from the primary opera- 
tion, it has only been 6 months since ossiculoplasty, 
and therefore he is not included in the hearing re- 
sults data (current speech reception threshold [SRT] 
is 25 dB). 


Facial Nerve Monitoring. After induction of 
general anesthesia, four platinum subdermal elec- 
trode needles are placed, two in the nasolabial fold, 
one in the lateral region of the orbicularis oculi 
muscle, and one in the mid-forehead. Continuous 
eleetromyographic (EMG) monitoring of these mus- 
clegroups is performed throughout the surgical pro- 
cedure. The EMG display is monitored both by 
visual observation of the oscilloscopic tracings and 
by listening to the EMG output delivered to a loud- 
speaker. In addition, evoked EMG, using bipolar 
constant current stimulation of 1 to 3 mA, is used 


Fig 2. Atretie bome over ossicular mass is A) 
thinned with diamond bur and B) lifted off 
wih hook. 


periodically to help confirm the course of the facial 
nerve and to demonstrate its integrity. 


SURGICAL TECHNIQUE 


Incision. A postauricular incision is used to ex- 
pose the mastoid bone. The soft tissue is elevated 
anteriorly to the region of the temporomandibular 
joint. The tympanic bone remnant, in the region 
where the external auditory canal would be ex- 
pected, can be identified occasionally (Fig 1A). 


Drilling New Canal. With the middle cranial fos- 
sa dura used as the superior landmark and the tem- 
poromandibular joint as the anterior landmark, 
drilling is begun to create a new ear canal. This 
bone is usually solid, but can have some associated 
air cells. An attempt is made to limit opening into 
the mastoid posteriorly. This approach leads to the 
epitympanum and exposure of the fused malleus 
and incus (Fig 1B). As noted by Mattox and Fisch," 
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Fig 3. Left ear in surgical position. Ossicular mass has been 
fully exposed. Tympanic portion of facial nerve is dehis- 
cent (arrow). 


the facial nerve will always be medial to the ossicu- 
lar mass in this area. 


Removal of Atretic Bone. Typically, the malleus 
is fused to the atretic bone. To free the ossicular 
chain, this bone is thinned carefully with a dia- 
mond bur and then completely removed with an in- 
cudostapedial joint knife or small hook (Fig 2). The 
facial nerve is vulnerable to injury as the posterior- 
inferior part of the atretic bone is removed, since in 
this area the nerve may lie lateral to the middle ear 
cavity and be anteriorly displaced. Care is taken to 
limit trauma to the inner ear by drilling and/or ex- 
cessive manipulation of the ossicular chain. The in- 
cudostapedial joint is not separated routinely. 


Middle Ear Surgery. The atretic bone is removed 
so that the entire ossicular mass and middle ear 
space are exposed (Fig 3). Because of the contracted 
middle ear cavity, malformed lateral ossicular 
mass, and/or overlying facial nerve, the stapes may 
be partially obscured. Usually, however, a portion 
of that ossicle can be seen sufficiently to assess its 
mobility. The lateral ossicular mass is maintained in 
position and not removed simply to obtain a better 
view of the stapes. In most cases the ossicular chain, 
though deformed, is mobile, and hearing results in 
this series were better when the chain was left intact 
than when a prosthesis or autograft bone was used. 


Tympanic Membrane Grafting. A fascia graft is 
placed over the mobilized ossicular mass. To pre- 
vent lateralization, the graft is tucked beneath the 
anterior and superior bony ledges of the canal wall. 
If there is no ledge anteriorly (ie, bony canal wall 
essentially flush with wall of middle ear) a sulcus 
several millimeters deep is drilled just lateral to the 
middle ear—anterior canal wall junction. The edge 
of the fascia then is packed into the sulcus with 
Gelfoam, thus providing graft stabilization. 


Meatoplasty. The auricle is undermined and the 
deep soft tissue debulked from the approximate area 





Aite 


Fig 4. Five measurements are taken for skin graft. 1 — cir- 
cumference of medial (tympanic membrane) end of bony 
canal, 2 — circumference of lateral end of bony canal, 3 — 
circumference of meatus, 4 — length of bony canal, 5 — 
distance from lateral end of bony canal to meatus. 


of the meatus. A meatal opening about twice the 
normal size is made. The auricle is returned to its 
normal anatomic position to check for alignment of 
the meatus and the newly created canal. Frequently 
the meatus will appear offset anteriorly and/or in- 
feriorly. In such cases, further undermining of the 
auricle is necessary so that it can be positioned with- 
out tension more posteriorly and superiorly. A strip 
of skin can be excised from the postauricular inci- 
sion to help maintain the auricle in its new location. 
The facial nerve is vulnerable to injury during this 
soft tissue operation especially if there has been 
prior auricular reconstruction, which can cause 
scarring and tethering of the extratemporal facial 
nerve in a more superficial position. 


Skin Grafting. A skin graft (0.012 in thick) is 
taken from the lower abdomen or the hip area and 
used to line the canal. To determine the proper con- 
figuration of the split thickness skin graft (STSG) 
various measurements of canal dimensions are 
made with a 2-0 silk suture (Fig 4). Typically, this 
results in a skin graft shaped like a hexagon and 
measuring approximately 5 x 4 cm. 


With the ear retracted forward the STSG is posi- 
tioned in the bony canal so that it overlaps the 
fascia graft by 1 to 2 mm. A layer of Cortisporin- 


soaked Gelfoam is placed over the fascia graft and 
adjacent STSG. The STSG is stabilized by layering 
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Fig 5. Skin graft is stabilized by layered gauze packing. A) Right ear in surgical position. B) Layer of Gelfoam covers fascia 
graft, and packing fills bony canal. C) Through meatus, lateral end of skin graft is pulled to exterior and trimmed. First layer 


of gauze packing is visible in canal. 


l-in Nu-gauze impregnated with an antibiotic 
ontment in the bony canal (Fig 5A,B). At this point 
the ear is returned to its normal anatomic position 
aad the postauricular incision is closed. Through 
the meatus, the lateral end of the STSG is grasped 
and pulled to the meatal opening (Fig 5C). It is 
trimmed if necessary and sutured in place. A second 
p.ece of Nu-gauze is layered in to fill the lateral, soft 
tissue portion of the canal. Prior packing of the 
STSG in the bony canal prevents it from being dis- 
lodged during the final step of suturing it to the me- 
a'us. The initial placement of the STSG in the bony 
canal with the ear reflected forward provides max- 
imal exposure, assuring that all the canal is covered 
aad that the STSG has been positioned accurately 
relative to the fascia graft. Anteriorly or posteriorly 
based auricular flaps are not used to line a portion 
ol the external canal, because of their bulk at the 
meatal opening and because of difficulty in approx- 
imating the STSG to them. Stents are not used. 


Postoperative Care. Ten days postoperatively the 
Nu-gauze packing is removed and the ear canal is 
filed with Cortisporin-soaked pieces of Gelfoam. 
Tne patient is seen 1 month later and any remaining 
Gelfoam is removed from the canal. 


RESULTS 
External Ear. Each of the 16 ears had some 


degree of microtia. In five ears the deformity was 
mild (grade 1), in six cases it was moderate (grade 
2), and in five cases the microtia was severe (grade 
3). Although the numbers are small, the degree of 
external ear deformity did seem to correlate both 
with facial nerve abnormality and hearing results. 
In the five patients with grade 1 microtia, the facial 
nerve in the middle ear appeared normal and all pa- 
tients had a postoperative SRT of 35 dB or better. 
Of the six patients with grade 2 microtia, two had 
facial nerve abnormalities. In each of the five pa- 
tients with grade 3 microtia the tympanic segment 
of the facial nerve was abnormal, being completely 
dehiscent of bone in three cases and markedly over- 
hanging the stapes in the other two. Two of these 
five grade 3 ears had a postoperative SRT worse 
than 35 dB. 


Surgical Findings. In all 16 ears the malleus and 
incus were malformed, fused, and fixed to the 
atretic bone. In each case, the malleus was smaller 
and more deformed than the incus. The site of 
ossicular chain fixation was between the malleus 
and the atretic bone. In no case was there a bony 
fixation of the incus or stapes after the malleus had 
been freed. Typically, the stapes appeared small, 
with delicate, misshapen crura. The position of the 
lateral ossicular mass or an overhanging facial 
nerve prevented a good view of the stapes in five 
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TABLE 1. POSTOPERATIVE SPEECH 


RECEPTION THRESHOLD 
Decibels No. of Patients 
20 l 
25 6 
30 3 
35 2 
> 40. 3 


cases. The stapes was seen well in six cases, and in 
five cases only a partial view (eg, posterior crus) 
was possible. In those patients with a poorly seen 
stapes, the lateral chain appeared mobile and it was 
kept in place with the assumption that the stapes 
was also mobile. In four of these five cases the 
postoperative SRT was 25 dB. 


In seven of the 16 ears, the facial nerve was mark- 
edly abnormal; in nine ears the nerve was not seen, 
was normal, or had only a minor abnormality such 
as a small bony dehiscence or slight crowding of the 
oval window area. In four cases: the horizontal seg- 
ment of the nerve was completely devoid of bone. 
In one case the nerve was covered by bone, but 
significantly overhung the oval window area. In 
one case the vertical segment of the nerve was dehis- 
cent of bone and was far more lateral and anterior 
in position than normal (ie, nerve made a very 
acute angle at the second genu). In the last case, the 
vertical segment was covered by bone but was in a 
similar lateral and anterior position. 


Hearing. Postoperative hearing results are sum- 
- marized in Tables 1-3. Two thirds of the patients 
had a postoperative SRT of 30 dB or better. The 
mean SRT was 32 dB, as opposed to a mean preop- 
erative SRT of 60 dB. Improvement in the air con- 
duction thresholds (average for frequencies 500, 
1,000, and 2,000 Hz) was at least 25 dB in 80% of 
the patients and at least 30 dB in 60% of the pa- 
tients; the mean improvement was 30 dB. The re- 
sidual air-bone gap (average for frequencies 500, 
1,000, and 2,000 Hz) was between 15 and 25 dB in 
53% of the patients. 


After the malleus was freed from the atretic 
bone, the ossicular chain was maintained intact in 
11 of the 16 patients. In four patients the malleus 
and incus were removed and a partial ossicular re- 
placement prosthesis was used for reconstruction; in 
one patient the incus and malleus were absent and a 
piece of cortical bone was fashioned to fit on the 
capitulum of a mobile stapes. Four of these five pa- 


TABLE 2. IMPROVEMENT IN AIR 
CONDUCTION THRESHOLD 


Decibels No. of Patients 
> 35 4 
25-34 8 
15-24 1 
<15 2 


Preoperative minus postoperative threshold average for frequencies 500, 
1,000, and 2,000 Hz. 


TABLE 3. RESIDUAL AIR-BONE GAP 


Decibels No. of Patients 
15-25. 8 
28-35 4 
36-45 l 
>45 2 


Postoperative bone conduction minus air conduction threshold average 
for frequencies 500, 1,000, and 2,000 Hz. 


tients have adequate follow-up (the exception is the 
patient who' underwent staged surgery for choles- 
teatoma) and hearing results appear poorer than in 
those patients in whom the ossicular chain was 
maintained intact (Table 4). For example, none of 
the four patients with a prosthesis had an SRT bet- 
ter than 30 dB, and two of these patients showed 
only a minimal hearing improvement. 


In two patients the middle ear space was ex- 
tremely small as seen preoperatively by computed 
tomography ‘and confirmed at operation. In one of 
these individuals (who had the diagnosis of Golden- 
har’s syndrome) the malleus and incus could not be 
located, although a mobile stapes was present. Both 
of these patients had poor hearing results. 


Complications. The facial nerve was monitored 
intraoperatively in each patient, and there were no 
instances of abnormal facial nerve activity. All pa- 
tients had normal postoperative facial nerve func- 
tion. Postoperative canal stenosis requiring canal- 
plasty occurred in two patients; in both instances 
surgery was successful. In one patient the tympanic 
membrane graft lateralized postoperatively, and re- 
vision surgery was complicated by relateralization 
of the graft. Six patients developed a high frequency 
sensorineural hearing loss (4,000 Hz or above) of 25 
dB or greatér. There was no postoperative decre- 
ment in bone conduction thresholds for the frequen- 
cies 500, 1,000, or 2,000 Hz. No patients have 
chronic otorrhea, although cleaning of desqua- 
mated epithelium is necessary in several patients at 
intervals as frequent as every 6 months. 


DISCUSSION 


Patient Evaluation. In unilateral or bilateral 
cases of congenital atresia of the ear, proper patient 
selection for ‘surgery is critical. Audiometric testing 
is obtained when the patient is seen initially, and 
follow-up evaluations are scheduled periodically. 
Behavioral testing or auditory brain stem response 
(ABR) testing can be used to assess cochlear func- 


TABLE 4. HEARING RESULTS: INTACT OSSICULAR 
CHAIN 


VERSUS PROSTHESIS 
Speech Reception Intact Chain Prosthesis 
Threshold (dB) (No. of Patients) (No. of Patients) 

20 1 0 
25 | 7 0 
30 1 1 
oo l l 

i l 2 
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Fig 6. Schematic diagrams showing atretic bone (straight 
arrows) from lateral and axial (see insert for orientation) 
perspective. 


tion in unilateral atresia cases. In patients with bi- 
lateral atresia, bone conduction stimulus ABR 
testing can provide an accurate determination of 
ear-specific cochlear reserve.'? This information is 
essentia. to prevent operating on an only hearing or 
nonhearing ear since, although uncommon, it is 
possible to have sensorineural hearing loss in an 
atretic ear. 


Computed tomography of the temporal bones is 
performed near the time of operation. Radiograph- 
ic studies at an earlier age are usually not recom- 
mended, since that information is rarely applicable 
to immediate rehabilitative plans. In addition, in 
very young children poor patient cooperation often 
necessitates anesthesia or results in a suboptimal 
study that must be repeated later. 


Computed tomography can be helpful in asses- 
sing the shape of the cochlear and vestibular laby- 
rinths, the size of the middle ear space, the size and 
shape of the ossicles, and the course of the facial 
nerve. After determining audiometrically that the 
patient has normal sensorineural function, the next 
most important assessment to be made is the degree 
of middle ear development as reflected by the size of 
the tympanum and the presence of ossicles. Because 
of the diminished chances for a successful hearing 
result, the finding of a very small middle ear space 
(less than 50% the size of the opposite side) without 
ossicles is a contraindication to surgery in unilateral 
atresia Cases. 


The CT appearance of the inner ear can have 
some impact on middle ear surgery. For example, 
the presence of cochlear hypoplasia with an en- 
larged vestibule and horizontal semicircular canal 
suggests the possibility of an abnormal communica- 


tion between the perilymph and CSF. In such cases, 
manipulation of the stapes should be avoided. 


The course of the facial nerve usually can be 
delineated by CT. Failure to define this structure 
clearly radiographically, however, is not a contra- 
indication to surgery. More reliance is placed on 
surgical technique, intraoperative facial nerve 
monitoring, and the expectation that the facial 
nerve will be anomalous. 


Computed tomography also can be helpful in 
diagnosing a cholesteatoma in association with the 
congenital aural atresia. Occasionally, sufficient 
canalization of the external canal occurs such that a 
space develops in the medial end of the bony canal. 
Since the lateral end of the canal remains atretic, 
the potential for cholesteatoma formation exists. In 
such cases the cholesteatoma may cause no symp- 
toms or result in a draining fistula. Evidence of a 
cholesteatoma on physical examination or CT is an 
indication for surgery. 


Surgical Considerations. There are two basic 
surgical approaches for repair of major congenital 
aural atresia: the mastoid approach and the an- 
terior approach. In the mastoid approach, as advo- 
cated by Nager and Levin,’ Glasscock et al,'° and 
De la Cruz et al," the sinodural angle is first iden- 
tified and followed to the antrum. The facial recess 
is opened and the incudostapedial joint is separated. 
The atretic bone is then removed. In the anterior 
approach, as popularized in this country by Jahrs- 
doerfer,’ bone between the temporomandibular 
joint anteriorly and the middle cranial fossa dura 
superiorly is removed and exposure of the mastoid 
air cells is limited. Drilling is thus confined to the 
area just lateral to the expected middle ear space 
(Fig 6). An advantage of the anterior approach is 
that a mastoid cavity with its attendant problems of 
debris accumulation and infection is avoided. In 
addition, there is less surgical manipulation in the 
area of the vertical segment of the facial nerve with 
the anterior approach, and the simpler contours of 
the new canal facilitate placement of the STSG. 


Using the anterior approach in 16 consecutive 
ears, it was possible to obtain a postoperative SRT 
of 30 dB or better in 67% of the patients. These 
hearing results compare favorably with those 
reported by other surgeons. Bellucci,’ for example, 
reported a hearing level of at least 30 dB in 55% of 
71 patients followed for at least 2 years. Nager and 
Levin*® reported that 70% of 23 patients treated 
over a 17-year period had a hearing level of at least 
30 dB. Mattox and Fisch’? found at least a 30-dB 
improvement in air conduction thresholds in 45% 
of 11 patients followed a minimum of 2 years. De la 
Cruz et al'' reported on 56 patients with a 6-month 
follow-up and noted that 53% had a conductive 
deficit of 20 dB or less and 73% had a deficit of 30 
dB or less. Jahrsdoerfer’ presents an exhaustive dis- 
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cussion of congenital atresia of the ear, and his re- 
sults are generally recognized as the standard by 
which hearing recovery should be measured. He 
reports that 65% of 17 patients followed for 2 
months to 8 years had a pure tone average of 30 dB 
or less. 


The issue of operating only on bilateral atresias 
and not unilateral cases remains controversial. It is 
this author’s belief that the benefits of binaural 
hearing and the possibility of achieving that goal 
are both sufficiently great to offer corrective 
surgery to properly selected children with unilateral 
atresia. The ideal candidate would be the patient 
without associated facial deformity who has on CT 
only a slight discrepancy in size of the middle ear 
spaces. Also, the CT scan should demonstrate an 
ossicular mass. By applying strict selection criteria, 
hearing results can be optimized a atresia surgery 
justified in unilateral cases. e 


In cases of bilateral atresia, surgery- on the first 
ear is strongly recommended at 4 or 5 years of age. 
A bone conduction hearing aid should be fitted by 4 
months of age or earlier. In selected unilateral 
cases, the benefits and risks of surgery are presented 
objectively, and if elected, surgery can be under- 
taken as early as 4 years of age, a time when the 
child can reasonably cooperate with postoperative 
care. 


Close cooperation between plastic surgeon and 
otologic surgeon will result in the optimal strategy 
for ear reconstruction in each case. Usually the ex- 
ternal ear operation is undertaken first, so that the 
plastic surgeon has the greatest freedom in fashion- 
ing an auricle, ie, there is no bony meatus around 
which the auricle must be created and the blood 
supply to the area has not been compromised by 
prior surgery. The position of the reconstructed ex- 
ternal ear is usually not a problem for the otologic 


surgeon since with appropriate undermining the 


auricle cani be repositioned accurately with refer- 
ence to the bony canal. 


| CONCLUSIONS 


Based on this series of patients, several important 
points have been learned and should be empha- 
sized. First, patients with a poorly developed mid- 
dle ear space (less than 50% the size of the opposite 
side) are poor surgical candidates and, at least in 
unilateral atresia cases, should not undergo opera- 
tion. Adherence to this principle would have im- 
proved the overall results in this series, as two pa- 
tients did have very small middle ear cavities and 
they represented two of the three patients with poor 
hearing results. With proper selection, it is reason- 
able to expect that at least two thirds of the patients 
will have al hearing threshold of 30 dB or better. 
Second, every attempt should be made to preserve 
the ossicular chain. Early in this series it was con- 


_ sidered: essential to see the stapes completely, and 


the functional capacity of the malleus-incus mass 
was questioned. Because of these considerations, 

the lateral ossicular mass was removed. In each case 
a mobile, though often deformed stapes was en- 
countered. As reviewed in the section on embryolo- 
gy, a mobile stapes can be expected in the vast 
majority of: atresia cases. When a prosthesis was 
then used for ossicular reconstruction, hearing 
recovery was unsatisfactory: only one of four pa- 
tients with a prosthesis had an SRT of 30 dB or bet- 
ter, versus nine of 11 who had their ossicular chains 
maintained intact. Lastly, one should expect an ab- 
normal facial nerve in all cases of congenital atresia 
of the ear and particularly in patients with signifi- 
cant microtia. Proper surgical technique and the 
use of intraoperative facial nerve monitoring, 
however, should keep the risk of facial nerve injury 
at a level comparable to that in cholesteatoma sur- 


gery. 
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The first five patients have been permanently implanted with an electromagnetic middle ear implantable hearing device. Hearing 
tests were performed at the time of operation and at 8 weeks postoperatively with a coil held at the isthmus of the ear canal. All patients 
reported clear, high fidelity sound, as proven by speech discrimination scores. Improvements were seen in all frequencies, including 4,000 
Hz. Improvement in pure tones as tested with an audiometer monitoring sounds amplified by a 3-V sound processor was as high as 50 dB 
sound pressure level. That which remains to be done is the final design of a compact, wearable sound processor with filtering and signal- 
processing capabilities to meet the needs of the sensorineural hearing-impaired population. 


KEY WORDS — auditory prostheses, electromagnetic implantable hearing device, rare earth magnets, sensorineural deafness. 


HISTORICAL BACKGROUND 


Since the discovery of electricity, many notable 
inventors, such as Alexander Graham Bell, have 
sought to provide better hearing by electronic am- 
plification. This resulted in many of our present 
modern conveniences. In the scientific literature, 
amplification of sound with implants and electro- 
magnetic induction dates back to primitive begin- 
nings.' Wilska? in 1935 demonstrated that the tym- 
panic membrane could be vibrated when nonmag- 
netized pieces of iron were placed on the drumhead 
and activated by a coil held at the outer ear and en- 
ergized by a frequency oscillator. Although the sub- 
jects heard, they complained of pain, and no details 
were recorded. Through the decades, many have 
provided additional valuable contributions. Nota- 
ble among these were Rutschmann,’ Glorig et al,’ 
Goode and Glattke,* Fredrickson et al,° Suzuki et 
al,” Yanagihara et al,* and Vernon et al.° 


In 1980, we of the Central Ear Research Institute 
in Oklahoma and the Oregon Hearing Research 
Laboratory joined in a project focused on the devel- 
opment of an implantable electromagnetic device 
for the hearing impaired. The foundation for this 
endeavor had been laid by previously developed 
technologies, as follows. 


First, in the development of the cochlear implant, 
it was found that electric energy could be trans- 
formed across the skin by the use of electromagnetic 
inductive coupling principles.'° In this, one induc- 
tive coil can, by an electromagnetic field, transcu- 


taneously couple with another like coil placed un- 
der the skin, allowing energy to enter the body 
without wires penetrating the skin. 


Second, it was discovered that recently developed 
powerful rare earth magnets could be placed in the 
center of each inductive coil and keep them in per- 
fect apposition.'''? This positioning provides effi- 
cient and consistent transcutaneous alignment, mini- 
mizing the loss of energy. 


Third, it was realized that electromagnetic fields 
produced by the external inductive coil would also 
cause reciprocal vibratory action of the magnet im- 
planted in the bone of the skull." This principle was 
applied and proved that effective sound transfer to the 
cochlea could be obtained by bone conduction. The 
research and development of this concept eventually 
led to the present new electromagnetic bone conduc- 
tion device, the Xomed Audiant Bone Conductor. 


At present, this electromagnetic bone conduction 
device cannot produce a threshold of hearing sig- 
nificantly better than the patient’s bone conduction 
threshold. As a result, a bone conduction average of 
25 dB or better, in the three speech frequencies, is 
recommended for its use.'* Since the device very ef- 
fectively bypasses the middle ear and external ear 
conductive mechanisms, it has good application in 
those patients who have conductive hearing impair- 
ment. This would include patients who have condi- 
tions unresponsive to surgery, such as bilateral ex- 
ternal atresias, open mastoid cavities with otorrhea, 
and complicated middle ear disease. 


From the Central Ear Research Institute (Hough, Dormer, Baker, Himelick) and the University of Oklahoma Health Sciences Center (Dormer), Okla- 
homa City, and the Oregon Hearing Research Center (Meikle), Portland. Supported by funds and engineering by Xomed, Inc, Jacksonville, Florida. 
Presented at the meeting of the American Otological Society, Inc, Palm Beach, Florida, April 23-24, 1988. 

REPRINTS — Jack Hough, MD, 3400 NW 56th St, Oklahoma City, OK 73112. 
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Fig 1. External and internal com- 
ponents of implantable hearing 
device. 


EXTERNAL SOUND 
PROCESSOR 


Although this device will not benefit those pa- 
tients suffering from pure sensorineural hearing im- 
pairment, it seems reasonable to assume that a simi- 
lar force concentrated on the stapes might be sig- 
nificantly more effective in stimulating the cochlea. 
Using this concept, we conducted experiments with 
an electromagnetic system that stimulates a mag- 
netic prosthesis attached directly to the ossicular 
chain.'* 


With these early encouraging findings, our ef- 
forts were more intently organized toward the goal 
of developing a high fidelity, efficient method of 
sound amplifieation for those patients with sensori- 
neural hearing impairment. The purpose of this pa- 
per is to report: 

l. The design and development of powerful rare 
earth magnetic prostheses that can be perma- 
nently implanted in the ossicular chain. 

2. The further testing of magnetic prostheses in 
animal models and their electrophysiologic 
responses. 

3. Experimental procedures and results in the first 
five human volunteers who have been perma- 
nently implanted with the magnetic ossicular 
prosthesis of the implantable hearing device 
(IHD). 

4. Goals and opportunities resulting from these 
observations. 


CONCEPT OF ELECTROMAGNETIC 
IMPLANTABLE HEARING DEVICE 


The following represents the functional concept 
of the IHD (Fig 1): 


1. A sound wave is received by an externally worn 
microphone. 

2. Amplification and customized signal monitoring 
are accomplished by hybrid circuitry powered 
by a small energizer (hearing aid battery). 

3. Electric energy is presented to an inductive coil, 
which produces an electromagnetic field that en- 
compasses the middle ear. The inductive coil 
may be placed anywhere within the vicinity of 
the ossicular chain and may be energized by a 
series of inductive coils via the mastoid antrum 
or through an alternative ear canal positioning."® 


ELECTROMAGNETIC 
COIL 





“DONUT” IHD 


4. The rare earth, magnetic ossicular prosthesis at- 
tached to the ossicular chain with the incudosta- 
pedial joint (or in other locations in the ossicular 
chain) receives the electromagnetic energy and 
causes reciprocal vibration of the stapes. This in 
turn causes fluid wave transfer of the energy to 
the cochlear partition. 


IMPLANTABLE MAGNETIC PROSTHESIS 


Design and Development of Middle Ear Prosthe- 
sis for IHD. Our initial objective of safely implant- 
ing magnetic material in the ossicular chain was 
made difficult by size limitations, orientation of 
magnetic field, long-term biocompatibility, and sur- 
gical constraints. Thus, the material we chose had 
to be small yet powerful and at the same time rea- 
sonable to handle by the surgeon. Because of our 
past introduction of the cochlear implant magnetic 
coupling device'' and our development of the im- 
plantable electromagnetic bone conductor’’ we im- 
mediately thought of the use of rare earth, perma- 
nent magnets. The difficulty in working with this 
material was its hardness, and although disks and 
cylinders could be ground by machining, small 
asymmetric parts such as those for middle ear appli- 
cation were not possible to make with current tech- 
nologies. Our efforts then turned to making mag- 
netic cylinders of samarium cobalt and encapsulat- 
ing each in a thick casing of 24 carat gold. This 
would allow surgeons to make custom adjustments 
in the shape of the prosthesis by drilling the gold 
casing for better fitting, and at the same time, the 
gold coating would provide an additional biocom- 
patible covering. We abandoned this concept when 
it was found that the manufacturing techniques were 
too inconsistent and, more importantly, when we 
decided that the weight of the gold prosthesis would 
be too great. This could conceivably cause undesir- 
able changes in the natural ossicular resonance 
qualities, especially affecting the high frequencies. 


Shortly thereafter, a new rare earth, permanent 
magnet formulation was found that was both strong 
and machinable. The material could be shaped by 
underwater diamond bit drilling techniques. We 
then made custom prostheses for subsequent testing 
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in animals. Four basic shapes were sculpted and 
considered for application in the human ear: 


1. A donut-shaped prosthesis for the incudostapedi- 
al joint. 

2. An incus replacement prosthesis. 

3. A wedge prosthesis to fit under the handle of the 
malleus to the promontory. 

4. A total ossicular chain replacement prosthesis 
from the handle of the malleus to the footplate of 
the stapes. 


After finalizing the four basic ossicular designs 
for the IHD, with multiple sizes within those de- 
signs, we turned to computer-aided machining for 
production of the prosthesis. To obtain the dimen- 
sion of the four custom-drilled types of prostheses, 
we used scanning electron microscopy. The electron 
micrographs were scaled and prosthetic dimensions 
obtained. 


We found that the same biocompatible coating 
that was used for the Audiant Bone Conductor, 


$) 
© 


Fig 3. Isopotential function of stimulus in- 
tensity required to elicit auditory nerve ac- 
tion potential of 50 4V in anesthetized guinea 


pig. 


Stimulus Intensity, dB 


Fig 2. Histologic sections of decal- 
cified bone from middle ear cavity 
showing no difference between A) 
unimplanted and B) magnetic im- 
planted sides (H & E, original 
x250). 


e 


Parylene-C (Union Carbide) ,'® would coat the IHD 
and hermetically seal the magnet from body fluids. 
Animal studies supported this finding for the IHD. 
In addition to the final Parylene-C coating, an un- 
dercoat of gold was electroplated on the prosthesis. 
The gold coating aids by double sealing the magnet- 
ic material from body fluids and improves surface 
characteristics. 


Compatibility Studies. Since magnetic materials 
have been used in many medical applications for 
chronic implantation, '™'? the need was slight for bio- 
compatibility studies, even on the relatively new ma- 
terial used in the IHD; but since this particular mag- 
netic material had not been used specifically for hu- 
man implants and since there had not been chronic 
implantation of magnets into the middle ear cavity, 
we tested Parylene-C gold-coated magnets in guinea 
pig and dog models. At present, six domestic goats 
have also been implanted with the donut-shaped 
IHD prosthesis for several months, and electro- 
physiologic testing is planned for the evaluation of 





Frequency, Hz 
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long-term effeets on performance of the middle ear. 
Eizht guinea pigs were implanted with both cus- 
tom-sculpted or computer-machined prototype do- 
nut prostheses. With sterile techniques and keta- 
mime-acepromazine anesthesia, the middle ear cavity 
was opened caudal to the ossicular chain. The ossi- 
cles were left intact and the prosthesis was inserted 
into the open cavity with no attachments. 


The middle ear cavities were reexamined under 
the operating microscope 2 to 8 months later. No in- 
flammatory response was noted after this period of 
implantation and no growth of fibrous connective 
tissues was observed. The mucosa of the middle ear 
cawity had remained intact and the Parylene-C gold 
cowering of the prosthesis was also intact, as evi- 
denced by the lack of oxidation in the iron-rich 
magnetic implant. Next, the temporal bones were 
harvested and prepared for histologic sectioning. 
The histopathologic investigation was also for the 
purpose of evaluating the effects of the constant 
magnetic field on bone or soft tissue growth. The 
control, nonimplanted side was compared with the 
implanted side (Fig 2). 


Implantation of Parylene-C-coated magnetic 
plates (3.48 x 4.75 x 0.10 cm) was done in mongrel 
degs by use of sterile techniques. Biopsy and remov- 
al of the plates and adjacent connective tissue was 
accomplished 2 to 3 months later. Histopathologic 
examination of the fibrous capsule that surrounds 
the material in the subcutaneous model showed no 
evidence of inflammatory reaction when examined 
by the pathologist. Furthermore, when a com- 
parison was made between the implanted magnet 
plate and an identical plate that was not implanted, 
there was no remarkable difference suggesting that 
the Parylene-C material was permeable. These 
results, in combination with those from the guinea 
pig studies, led us to conclude that the Parylene-C 
coating was compatible with middle ear implanta- 
tien, that the coating was impermeable to water 
ard body fluids, and that the magnetic influences of 
the implant itself did not cause neoplastic growth 
that would contraindicate its use in the middle ear 
as an implant material. 


Animal Functional Studies. Electrophysiologic 
data were obtained concerning the efficacy of the 
IED from anesthetized guinea pigs with electro- 
physiologic recordings from the round window 
membrane. A small magnet, 4 to 6 mg, was glued to 
the ossicular chain at various sites. Whole nerve ac- 
tien potentials of the auditory nerve were elicited 
by brief sound stimuli presented over the frequency 
range from 500 to 30,000 Hz. These signals were led 
to.a small prototype test coil located near the ear, in 
order to provide an oscillating electromagnetic field 
in the vicinity of the magnet in the guinea pig’s ear. 
Several coils of different designs were used. The ex- 
act design of each coil was an experimental vari- 
able, and in some animals, a variety of coils were 


compared. The coil was placed in the optimal verti- 
cal orientation to the magnetic field and at stan- 
dardized distances from the implanted magnet. 


Figure 3 illustrates the signal frequency presented 
to a representative animal. The isopotential function 
is a plot of the stimulus intensity required at each 
frequency to elicit an average amplitude of 50 uV; 
no data are plotted above 20 kHz as no responses 
were obtained above that frequency. Because the 
coils used for this work have relatively low imped- 
ance in the audio range (approximate values: 20 Q 
from 0 to 500 Hz; 100 2 at 8 kHz), the device draws 
significant current in the lower frequencies. The 
graph is therefore plotted in terms of both current 
through the coil and voltage across the coil. The 
performance of the IHD is seen to be quite flat 
across frequencies, with a sharp roll-off at the high- 
est frequencies. In other animals, the curves are 
similar although the location of maximum sensitivi- 
ty appears to vary in the range of 12 to 18 kHz. 


The action potential waveforms elicited by this 
device resemble those evoked by normal airborne 
tone bursts in every detail, with latencies inversely 
proportional to frequency and intensity in a manner 
identical to that characterizing airborne stimula- 
tion (Fig 4). 


These observations suggest that frequency selec- 
tivity of the IHD is comparable to that of a high- 
quality, airborne sound transducer. Likewise, the 
intensity functions obtained by systematically in- 
creasing the stimulus level at any one frequency are 
indistinguishable from those obtained using normal 
airborne sounds within the intensity limits imposed 
by the coil. (To date, such measurements have been 
restricted at the top end of the curve by the ex- 
tremely large radiation artifact generated by the 
electromagnetic coil; however, the linear range of 
the input-output function is greater than 60 dB in 
the frequency region where the device is most effec- 
tive.) In summary, the IHD in the guinea pig ap- 
pears to serve as a high fidelity sound source over 
most of the audio frequency range. 


Studies of Safety Referable to Human Implanta- 
tion. An important question arises as to what poten- 
tial electromagnetic hazards could be anticipated 
when the implanted patient is exposed to environ- 
mental electromagnetic fields (eg, power genera- 
tors, hair dryers). The electromagnetic force used to 
drive the prosthesis is the same form of energy com- 
monly encountered in the technologic environment 
in which we live. We considered the potential expo- 
sure of the implanted patient to the powerful forces 
encountered in magnetic resonance imaging to be 
the ultimate risk. The MRI employs the variability 
of complex energy transfer systems that occur at the 
atomic and subatomic levels. This requires relative- 
ly low energy radio frequency pulses added to a 
very powerful static magnetic field. To test this, we 
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Fig 4. Auditory nerve action potentials elicited by vibrat- 
ing magnet attached to malleus in guinea pig. Numbers 1 
through 20 on right represent frequencies in kHz. 


have attempted to predict the effects of this electro- 
magnetic force on the prosthesis by several in vitro 
experiments using fresh cadaver temporal bones 
and a 1.5-tesla GE-Signa MRI unit. In the first set 
of experiments, we sectioned the incudostapedial 
joint, placed a donut prosthesis in position, and 
placed the temporal bone in the scanner at several 
different angles. This procedure depends on the up- 
per ossicular chain to press the lenticular process 
back on the capitulum of the stapes and thus retain 
the device in position. It was therefore a very loose, 
insecure application. Five of the six repetitions, 
using three specimens, resulted in displacement of 
the prosthesis “off” the joint. However, there was 
no ossicular or tympanic membrane damage. In the 
second experiment, a drop of cyanoacrylate glue 
was placed on the incudostapedial joint to simulate 
postoperative healing. When this was done, dis- 
placement of the prosthesis from the ossicular chain 
did not occur during repeated exposure to the MRI 
electromagnetic forces. 


The next set of experiments was done to deter- 
mine what forces can be applied to the ossicular 
chain during-an MRI examination without fractur- 
ing or dislodging the ossicles. A pendulum device 
was successfully used to measure the angular force 
deflection of a weighted prosthesis. These experi- 
mental physical calculations show that the prosthe- 
sis produced a 0.316-mg force at the “orifice” of the 
scanner, which was the location of the greatest 
magnetic field and yielded the greatest deflection 
(Fig 5). With this gram force in mind, we again 
used fresh cadaver temporal bones and a strain 
gauge to apply similar forces to the lower ossicular 
chain, first with the incudostapedial joint intact 
and then again after the joint was sectioned. Multi- 
directional test pulls of greater than 30 g force on 
the ossicles of three specimens showed no damage. 
This indicates a safety margin of ossicular damage 
of greater than 100 to 1 using a No. 3 donut prosthe- 
sis (the No. 3 donut has a larger mass and tesla 
reading than any yet implanted). 











MAGNETIC 
PENDULUM 


A 


NONMAGNETIC 
PENDULUM 





Fig 5. Diagram BLIN physical calculation of grams 
force exerted by implantable hearing device in MRI scan- 
ner magnetic field (1.5 tesla). 


Several condados and recommendations seem 
warranted by these findings. Assuming the incudo- 
stapedial joint heals firmly, it appears that the ossi- 
cles easily will tolerate an MRI scan without the dis- 
placement óf the prosthesis. However, an appropri- 
ate postimplantation interval of time, probably 


about 2 months, should be allowed for healing to 


occur before permitting MRI scanning. Should that 
interval not! be allowed, it is possible that MRI scan- 

ning might displace the IHD, but without ossicular 
damage. | 


EXPERIENCES IN PERMANENT 
HUMAN IMPLANTATION 

In the roe part of 1987, after extensive study 
and experimentation in the realms of design and 
functional efficiency of the ossicular prosthesis and 
studies of its biocompatibility, we believed that the 
point of human testing had been reached. A clinical 
trial research protocol was submitted conjointly to 
the Food and Drug Administration and the institu- 
tional review board of our sponsoring institution 
(Baptist Medical Center, Oklahoma City). This fi- 
nal protocol was approved early in 1988, and the 
first five subjects have now been permanently im- 
planted with a magnetic ossicular prosthesis. 


Choice of Patients. The patients chosen for this 
investigation in conformity with review board and 
FDA protocols were all volunteer subjects who had 
a variety of hearing deficits. All had pure senso- 
rineural hearing losses. The audiometric protocol 
requirements are as follows: 


In general, the patient must have a speech recep- 
tion threshold (SRT) of not less than 40 dB or greater 
than 80 dB; However, candidates may also be in- 
cluded who _ a “ski-slope” hearing loss. The cri- 
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teria will not exclude implant candidates who have 
either a 30-dB relative hearing loss between 1,000 
and 2,000 Hz or have a 40-dB hearing loss at 2,000 
Hz and above. Speech discrimination must be 60 % 
or better in the operated ear when tested with the 
Nctthwestern University (NU-6) word list. Bone 
conduction thresholds in the operated ear should be 
as follows: either 1) 30 dB average or worse at fre- 
quencies 500, 1,000, 2,000, and 3,000 Hz, or 2) 40 
dE or worse at 2,000, 3,000 and 4,000 Hz. Hearing 
loss should be of at least 2 years’ duration, with no 
clinical or historical evidence of significant fluctua- 
tion in hearing thresholds. In addition, subjects 
must be highly motivated, able to understand the 
implications of receiving the surgical implant, and 
wiling to undergo extensive preoperative and post- 
operative testing. The subjects must be free of any 
generalized disease that would result in poor wound 
healing. 


The patients chosen for this investigation had a 
variety of hearing deficits commonly seen in otolog- 
ic practice. There were three men and two women, 
wih ages ranging from 46 to 63 years of age. Speech 
reception thresholds ranged from 20 dB in a patient 
with a marked ski-slope sensorineural loss to 55 dB 
in a patient with a flat sensorineural hearing im- 
pairment. Discrimination scores ranged from 84% 
to 96% , with all but one above 90% . Two patients 
had severe ski-slope audiograms, one patient had an 
“up-slope” audiogram; and another had a “flat” 
audiogram. 


Surgical Technique. As mentioned above, we 
hawe designed numerous ossicular prostheses to 
meet anatomic and pathologic variabilities, but the 
mest common application will be the donut pros- 
thesis applied to the incudostapedial joint. This was 
the implant used in all five patients reported in this 
series. Fortunately, the procedure involving im- 
plantation of the incudostapedial joint prosthesis 
employs a surgical approach to the best-known re- 
gien in otologic microscopic surgery. 


The procedure may be done with local anesthetic 
and on an out-patient basis. A stapedectomy ap- 
proach is performed, making an elliptic incision in 
the skin of the posterior superior bony canal wall. 
The tympanomeatal flap is elevated, exposing the 
posterior half of the tympanic cavity, and the incu- 
dostapedial joint is exposed. The incudostapedial 
joint is opened carefully and the incus lifted gently, 
laterally, just enough to allow the donut prosthesis 
to slide between the two joint surfaces. The incus is 
then released, allowing the lenticular process of the 
ineus to assume its normal position on the stapedial 
head. The prosthesis therefore is fastened by allow- 
ing the incus to spring back into place. This recon- 
stitutes the incudostapedial joint. The tympanic 
membrane is returned to its normal position. It was 
at this stage that the patients in this series were first 
tested in the operating room. 


Method of Intraoperative Testing. After the tym- 
panic membrane was returned to its normal posi- 
tion, an inductive coil on a probe was hand-held in 
place at the isthmus of the external ear canal, 10 to 
15 mm from the incudostapedial joint. This coil has 
been described and tested previously.'® The coil was 
attached by a wire to a 3-V Xomed Audiant Bone 
Conductor sound processor. To receive the signal, 
the processor was placed in a soundproof box (Fonix 
5500 Test Chamber). A button receiver (speaker) 
was attached to an audiometer (Grason-Stadler No. 
GSI-16). Within the test chamber, the microphone 
was placed 15 mm and 0° azimuth from the insert 
speaker button connected to the audiometer. Sound 
was presented as an electromagnetic signal to the 
ossicular prosthesis. 


As asecond procedure, a Wavetek signal generator 
connected to a hand-held ear canal coil was used to 
generate the stimulus. An oscilloscope was used to 
verify signal frequency and to measure the peak-to- 
peak voltage necessary to obtain tonal perception. 


The following subjective tests were done: 


1. The IHD-assisted patients were tested by air con- 
duction to warble tones from 250 to 6,000 Hz. 


2. Tests were performed to elicit discrimination 


scores by use of the taped NU-6 word list routed 
through the audiometer and insert receiver to 
the sound processor at approximately 70 dB 
sound pressure level. 


3. Coil voltage requirements were measured by use 


of the above equipment. 


The above tests then were repeated with the coil 
held at the orifice of the external ear canal. Al- 
though responses were obtained, consistent results 
were unavailable and it was deemed unnecessary to 
risk using high levels of energy when good results 
had already been obtained at the isthmus of the ex- 
ternal ear canal. Two other coils of different designs 
also were tested in the same manner. Although defi- 
nite hearing gain was found with every coil, effi- 
ciency in amplification was better with one particu- 
lar design. 


Case Reports. Patient 1 was a 57-year-old woman. 
She exhibited a “cookie-bite audiogram with a 
rather severe loss in the middle of the speech spec- 
trum. The results were very gratifying inasmuch as 
those depressed areas were brought back to near 
normal with the IHD. Furthermore, the postopera- 
tively healed ear at 2 months responded even better 
(Fig 6A). 


Patient 2 was a 46-year-old man with a very se- 
vere drop in hearing acuity at 1,000 Hz. Although 
the SRT was 20 dB hearing level (HL), he found his 
hearing loss to be a problem. Although a conven- 
tional hearing aid was of benefit in improving hear- 
ing at 2,000 Hz, it was unfortunately ineffective in 
the critical high frequency range. Results with the 
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Fig 6. Comparison of thresholds under earphone to those obtained with 3-V processor driving coil at isthmus. A) Patient 1. B) 


Patient 2. C) Patient 3. D) Patient 4. Solid line — preoperative, dotted line — een 


IHD appeared to offer new hope. Amplification at 
the near-normal low frequencies was minimal, 
whereas 30-dB gains occurred evenly at 2,000, 
3,000, and 4,000 Hz (Fig 6B). 


Patient 3 was a 63-year-old woman with an up- 
slope audiogram with moderate loss in the speech 
frequencies. Her preoperative SRT was 40 dB HL in 
the implant ear. She experienced a 15- to 20-dB 
gain in the speech frequencies with the IHD (Fig 
6C). This amount of amplification would allow 
quite adequate hearing. Patient 2, with his near- 
normal low frequency hearing, received negligible 


ed line — 2 mo postoperative. 


gain with the IHD in this area where improvement 
was not wanted, whereas patient 3 received signifi- 
cant needed improvement in the low frequencies. 
These responses are interesting in view of the fact 
that the circuitry of the processor had only limited 
frequency control. 


Patient 4 was a 63-year-old man with a moder- 
ately severe sensorineural loss that became progres- 
sively greater in the higher frequencies. Of all the 
patients in this series, this patient represented the 
individual with the greatest hearing impairment. 
He was hearing aid~dependent. Fortunately, he 
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TABLE 1. SPEECH DISCRIMINATION SCORES 


Patient Preoperative Postoperative * 
l 84 % 92 % 
2 88 % 92 % 
3 100 % 96 % 
4 96 % 100 % 
5 80 % Results awaited 


“Obtained 8 weeks after implantation of hearing device, using North- 
western University word list. 


also obtained the greatest improvement with the 
IHD. Gains of up to 50 dB were obtained in some 
frequencies (Fig 6D). 


Patient 5 was a 54-year-old man with a dramatic 
high frequency loss beginning at 1,000 Hz (similar 
to that of patient 2). Data from postoperative test- 
ing are not available, because his implantation was 
recent. 


Postoperative Test Results. Some factors may be 
important in comparing intraoperative and postop- 
erative results. For example, when the tympanic 
membrane has been elevated for prosthetic implan- 
tation and then replaced for testing, the lateral con- 
ductive mechanism has less impedance. As a result, 
it would appear that the lack of tension on the lateral 
ossicular chain from the tympanic membrane would 
cause reduced resistance to ossicular vibration. We 
might, therefore, expect postoperative diminution 
of IHD function after healing has occurred, com- 
pared to those results obtained at the time of opera- 
tion. Since a healed human ear has never been ob- 
served in this situation, we were quite concerned 
that this could be a limitation to future develop- 
ment of the IHD. The results seen in patient 2 en- 
hanced this concern, but fortunately our tests in pa- 
tients 1 and 4 indicated that this is not the case. Ap- 
parently very little, if any, diminution in IHD per- 
formance is seen after 2 months of healing (Fig 6). 


Comments. All patients experienced good im- 
provement in their pure tone thresholds, compared 
to preoperative levels. There was an improvement 
in all frequencies from 500 to 4,000 Hz in all pa- 
tients at the time of operation, except for patient 2, 
who had a 5-dB poorer result at 500 Hz. There were 
excellent gains at 3,000 and 4,000 Hz in all patients, 
some as much as 30 dB. Subjectively, the patients 
all reported the sound to be of high fidelity. Preop- 
erative ski-slope audiometric patterns, even when 
marked with precipitous drop-offs, were improved 
greatly by enhancement of high frequency sound 
perception. 


Patient 2 had a very severe ski-slope high fre- 
quency sensorineural loss (Fig 6B). This drop-off 
was precipitous, from 20 dB at 1 kHz to 75 dB at 2 





TABLE 2. VOLTS (PEAK-TO-PEAK) 


REQUIRED FOR THRESHOLD 





Patient 500 Hz 1,000 Hz 2,000 Hz 3,000 Hz 4,000 Hz 


J DNT 1.60 0.48 0.59 0.32 
2 0.30 0.30 0.60 0.80 0.60 
3 0.10 0.20 0.50 0.60 0.54 
4 DNT 0.15 0.93 0.49 1.90 


As measured on oscilloscope 8 weeks after implantation of hearing de- 
vice. Average = 0.537 V. 


DNT — did not test. 





kHz. It is interesting and very desirable that the 
IHD did not remarkably change the low frequen- 
cies but improved 2,000, 3,000, and 4,000 Hz by 25 
dB each. This high frequency enhancement is espe- 
cially noteworthy coupled with the fact that the low 
frequencies, 500 to 1,000 Hz, were only partially 
filtered by the signal processor. 


This was also seen in another patient (patient 1) 
with a ski-slope/cookie-bite loss. The areas of great 
frequency loss (2,000, 3,000, and 4,000 Hz) were 
improved by 30 dB, whereas the area of near-nor- 
mal hearing (500 Hz) was improved by only 10 dB 
(Fig 6A). 


With the exception of patient 3, who was very 
drowsy, the discrimination scores obtained with the 
use of the IHD were considered quite satisfactory to 
very good (Table 1). This is especially noteworthy 
since the patients were being tested in a noisy oper- 
ating room suite. 


The voltage requirements were acceptable, con- 
sidering that we are in the early phases of develop- 
ment of the coil and the processor (Table 2). 


FUTURE CONSIDERATIONS 


With these encouraging findings, our efforts will 
continue toward the goal of developing a high fideli- 
ty, efficient method of sound amplification through 
electromagnetic energy coupled to implanted mag- 
netic prostheses in the middle ear. We believe the 
immediate need is to 


1. Design and develop external sound processors 
that will provide safe and effective energy to the 
implanted prostheses. 

2. Customize the electromagnetic signal for a wide 
range of individual patient needs. 

3. Package an external sound processor into a com- 
pact unit acceptable to the patient. 

4. Continue to stimulate creativity toward the 
eventual development of a totally implantable 
IHD. 


To accomplish these goals, an enormous amount 
of concerted teamwork and creativity must come 
from the interrelated scientific disciplines. 
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24TH POSTGRADUATE COURSE IN EAR SURGERY 


The 24th Postgraduate Course in Ear Surgery will be held April 2-7, 1989, in Nijmegen, The Netherlands. For further information 
and registration forms, contact Prof Dr P. van den Broek, Dept of Otorhinolaryngology, PO Box 9101, 6500 HB Nijmegen, The 
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INCIDENCE OF CHOLESTEATOMA WITH CLEFT PALATE 
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CLEVELAND, OHIO 


LEE A. HARKER, MD 


Iowa City, IOWA 


The everall incidence of cholesteatoma in Iowa has been estimated to be 6.01/100,000 population, or less than 0.01% . However, in 
patients with cleft palate seen at the University of Iowa Cleft Palate Clinic between 1947 and 1968 and followed for at least 10 years, the 
rist of developing cholesteatoma was 9.2%. In order to determine whether this high risk of cholesteatoma is still valid, a comparable 
retrospective study was undertaken of 153 patients with cleft palate who were born between 1969 and 1977, were enrolled in the Universi- 
ty of Iowa Cleft Palate Clinic within 1 year of birth, and were followed by the interdisciplinary team for a minimum of 10 consecutive 
years. Chelesteatoma occurred in four patients (2.6 % ), a substantial decrease in the risk of developing cholesteatoma in a well-defined and 


longitudinally followed population. 
KEY WORDS — cholesteatoma, cleft palate. 


INTRODUCTION 


Various studies have attempted to determine the 
prevalence of cholesteatoma among different popu- 
lation groups. By compiling a listing of new cases of 
cholesteatoma that were diagnosed and surgically 
confirmed by otolaryngologists during a single year, 
Harker estimated the annual incidence of choles- 
teatoma in Iowa to be 6.01/100,000 population. 
Ruben? analyzed US hospital discharge diagnoses 
daring 1978 compiled by the National Center for 
Health Statistics and estimated the overall preva- 
lence of cholesteatoma during that year to be at 
least 4.2/100,000 population. 


In a series of 113 Norwegian patients with cleft 
palate or cleft lip and palate examined at 6 or 15 
years of age, Moller’ reported one cholesteatoma, 
for an incidence of 8.8/1,000 or 880/100,000. At the 
University of lowa Cleft Palate Clinic (CPC), a 10- 
year longitudinal follow-up of 174 children born 
with a cleft palate between 1947 and 1968 revealed 
that 16 developed cholesteatomas, for a risk of 
i Ay Pi 


The present study was undertaken to determine if 
a group of patients with cleft palate who were born 
after 1968 but were followed for a similar length of 
time at the University of Iowa had a similar likeli- 
heod of developing cholesteatoma. 


MATERIALS AND METHODS 


All charts of patients enrolled in the CPC at the 
University of lowa Department of Otolaryngology- 
Head end Neck Surgery from 1969 to 1977 were 
reviewed. Criteria for inclusion into the study were 
1) enrollment in CPC within the first year of life 
and 2) a minimum of a 10-year follow-up with less 
than a consecutive 3-year lapse in CPC visits. 


From a total of 438 patient charts, 153 patients 
were selected as suitable for study. Demographic 
data and surgically confirmed cholesteatomas were 
noted, as was information relevant to the develop- 
ment of cholesteatoma and the frequency of myrin- 
gotomy and ventilation tube insertions (hereinafter 
referred to as tube insertions) for otitis media with 
effusion (OME). 


The average age of the patients was 14 (range, 10 
to 20 years). There were 95 males (62.1%) and 58 fe- 
males (37.9%). The average patient was followed 
up for 12.8 years (range, 10 to 18 years) and was 
seen 2.5 times each year. The number of visits 
ranged from nine to 86. 


RESULTS 


During the study period, cholesteatoma devel- 
oped in only four patients (2.6%). Their histories 
are briefly reviewed. 


Patient 1 was born with a bilateral cleft lip and 
palate and no associated deformities and underwent 
seven tube insertions for OME by 9 years 5 months 
of age. At that time a left attic retraction with a 
small erosion of the scutum was noted. At surgery a 
small cholesteatoma sac was found to extend into the 
attic and adhere to the incus. The lenticular process 
and a portion of the long process were eroded. The 
cholesteatoma did not extend into the antrum. 


At 5 years of age, patient 2 underwent an atticot- 
omy to excise a small debris-filled attic retraction 
cholesteatoma that extended superiorly to overlie 
the facial nerve. The canal wall defect was recon- 
structed with a tragal cartilage graft. He had un- 
dergone two previous tube insertions for OME and 
underwent that same procedure two more times for 
continued OME. A posterior inferior tympanic mem- 
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brane perforation developed that was surgically re- 
paired successfully. The ear was explored again 
when he was 12 years of age because middle ear 
cholesteatoma was suspected, and a small choleste- 
atoma pearl was found at the margin of a localized 
l- to 2-mm tympanic membrane retraction. 


Patient 3 had Pierre Robin syndrome and at 8 
years 7 months of age underwent an atticotomy to 
remove a left middle ear and attic cholesteatoma in- 
volving the sinus tympani, oval window niche, and 
attic as far posterior as the fossa incudis. When he 
was 9 years 11 months of age, retraction into the at- 
tic again was noted and a mastoidectomy revealed 
one small pearl of cholesteatoma on the stapes foot- 
plate. A tragal canal wall reconstruction was done. 
When he was 16 years 9 months of age, he under- 
went a tympanotomy for hearing loss that revealed 
a small recurrence of cholesteatoma in the region of 
the stapes footplate and the total ossicular replace- 
ment prosthesis that had been placed at the previ- 
ous operation. 


Patient 4 was born with partial agenesis of the 
toes and a cleft of the soft palate, At 6 years 10 
months of age, he underwent removal of a small 
mural cholesteatoma adjacent to a l- to 2-mm re- 
tracted segment in the anterior inferior quadrant of 
the right tympanic membrane. Two previous myr- 
ingotomies had been performed at that site. 


Myringotomy, combined with the placement of a 
pressure-equalizing or ventilating tube for chronic 
OME, was performed in 115 of the 153 patients 
(75.2%). Four hundred ninety-seven tube inser- 
tions were performed on 115 patients, for an 
average of 4.3 per patient. Thirty-seven patients 
(24.3%) did not have a history of tube insertions. 
Cumulatively, our three patients with attic choles- 
teatoma had 23 tube insertions before the onset of 


the first attic cholesteatoma, for an average of 7.7 
procedures ‘per patient. Our patient with mural 
cholesteatoma (patient 4) had had two tube inser- 
tions before the onset of the cholesteatoma. 

| 

! DISCUSSION 


That cholesteatoma occurs more commonly in 
patients with cleft palate than in the general popu- 
lation is well known, and the nearly universal oc- 
currence of OME, as well as the anatomic and phys- 
iologic differences in these patients compared to 
normal subjects, has been well reviewed by Blue- 
stone and Stool. * Our patients who developed attic 
cholesteatomas had more severe OME judged by the 
greater frequency of tube insertions. 


Another possible reason for development of cho- 
lesteatoma in these patients relates to the magni- 
tude of the overall health problems caused by the 
cleft deformity and the social and economic conse- 
quences of it. Medical aspects of otologic care may 
be judged secondary i in importance to dental or oc- 
clusal problems; maxillofacial growth abnormali- 
ties; speech,| hearing, or language difficulties; cos- 
metic deformities; poor self-image; or cost or incon- 
venience of care. Two of the patients with attic cho- 
lesteatoma lived 300 miles from Iowa City during 
much of their follow-up observation period. It is 
very difficult for parents consistently to meet the 
health care demands of children with cleft problems. 


We cannot explain adequately the decrease in the 
risk of developing cholesteatoma in this study group 
compared to the previous one. The frequency of 
tube insertions was similar. Whether this decreased 
risk resulted) from a trend toward increased use of 
longer-lasting tubes, better health education, better 
general health or nutrition, or other factors could 


not be determined by this study. 
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OSTEOCLASTS IN CHRONIC OTITIS MEDIA, 
CHOLESTEATOMA, AND OTOSCLEROSIS 


RICHARD A. CHOLE, MD, PHD 


DAVIS, CALIFORNIA 


Bone resorption and remodeling are characteristic of chronic otitis media with and without cholesteatoma and otosclerosis. The conse- 
quences of this remodeling process may be hearing loss, repeated infection, vestibular disturbance, or intracranial complications. Evidence 
of osteoclastic bone resorption was found in surgical specimens of 11 of 24 cases of cholesteatoma, two of three cases of chronic otitis media, 
and three of ten cases of otosclerotic stapes; all three spongiotic lesions had osteoclasts. With careful serial sectioning these cells are almost 
always multinucleate and have the typical appearance of osteoclasts with ruffled borders. Some specimens had evidence of bone erosion in 
the absence of osteoclasts; this finding represents an inactive phase of the remodeling process. Since the osteoclast plays an important role in 
the resorption and remodeling of bone in these middle ear diseases, the source, physiology, and local control of these cells are of prime im- 
portance in investigating the pathophysiology of these diseases. At the present time, the local control of activation and recruitment of 


osteoclasts, as well as their chemotactic responses, is poorly understood. 
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INTRODUCTION 


Bone-resorption and remodeling are characteris- 
tic of a number of diseases of the middle ear. The 
consequences of this remodeling process may be 
hearing loss, repeated infection, vestibular dis- 
turbance, or intracranial complications. Although 
the mechanisms of bone resorption and remodeling 
in otologic disease have been the subject of con- 
siderable discussion, the central role of the osteo- 
clast in these processes has not been well appre- 
ciated. 


Osteoclastic bone resorption has been observed in 
chronic otitis media witht? and without?’ choles- 
teatoma and in otosclerosis.** Although there is 
strong evidence that osteoclasts are responsible for 
localized bone resorption in these disorders, there is 
nevertheless controversy in the literature over the 
mechanisms of bone loss in these diseases. Some ob- 
servers note osteoclastic resorption while others con- 
clude that bone is resorbed by the elaboration of ex- 
tracellular enzymes. This controversy might be ex- 
plained by the fact that osteoclasts are not always 
seen in histologic sections in the above-mentioned 
disorders for several reasons. 1) Osteoclasts are 
sometimes difficult to discern in whole temporal 
bones processed by conventional techniques 
(embedded in celloidin and sectioned at 20 um). 2) 
The osteoclast is a transient cell with a relatively 
short life®’ and may not be present at the moment of 
fixation of the tissue, although it may have caused 
the bone destruction that is observed. 3) Active 
bone resorption sites usually are not seen in surgical 
specimens because surgery usually is done after in- 
flammation has been controlled. 4) It generally is 


accepted that the aforementioned otologic diseases 
may wax and wane in their activity; if the tissue is 
fixed during an active phase, osteoclasts would be 
observed, while if it is fixed during an inactive 
phase, the sequelae of resorption might be seen. 


Bone resorption is often seen in chronic otitis 
media regardless of whether cholesteatoma is pres- 
ent or not. There is controversy in the literature 
over the mechanism of bone loss. Three general 
theories have been proposed: mechanical, enzy- 
matic, and cellular. Although as theories they may 
seem mutually exclusive, as mechanisms they act in 
concert in these disease processes through the in- 
duction and activation of osteoclasts. Mechanical 
pressure’’* from an enlarging cholesteatoma induces 
osteoclasts to erode bone by the production of acid 
and proteases beneath its ruffled border. Osteo- 
blasts and other bone cells may play a direct role in 
osteoclast activation by the elaboration of neutral 
collagenase, thereby exposing mineral matrix for 
osteoclastic resorption. Evidence for the direct non- 
osteoclastic dissolution of bone by an extracellular 
elaboration of enzymes is lacking. 


Otosclerosis is a disorder of bone remodeling of 
the otic capsule. Abnormal resorption and deposi- 
tion of bone, in areas that physiologically never 
undergo remodeling,’ results in conductive and sen- 
sory hearing impairments. Most observers agree 
that the resorptive process precedes the reparative 
or blastic phase of the disease. There is substantial 
evidence that osteoclastic resorption occurs early in 
the “spongiotic” phase. 


Since the osteoclast may play a central role in the 
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resorption and remodeling of bone in these middle 
ear diseases, then the source and local control of 
these cells is of prime importance in investigating 
the pathophysiology of these diseases. At the present 
time, the local control of activation and recruit- 





Fig 1. Photomicrographs of remodeling bone (upper right original 
x50, inset original x500). A) Active resorption site from patient 
with chronic otitis media demonstrated coupled actions of osteo- 
blasts (white arrows in upper right) and multinucleate osteoclasts. 
B) Bone surface beneath matrix of cholesteatoma contains osteo- 
clasts and osteoblasts. Subepithelial area contains active fibro- 
blasts and macrophages. C) Specimen from otosclerotic stapes 
shows active area of bone remodeling with active osteoblasts and 
osteoclasts. All three “spongiotic” specimens showed this pattern. 


ment of osteoclasts, as well as their chemotactic re- 
sponses, is poorly understood. '° 


The purpose of this study is to provide evidence 
for a role of the osteoclast in the pathophysiology of 
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chronic otitis media with and without cholestea- 
toma, and in otosclerosis. 


MATERIALS AND METHODS 


The tissues used in this study were obtained dur- 
ing the course of surgical procedures on the middle 
and inner ear. Twenty-four surgical specimens from 
patients with cholesteatoma, three from patients 
wrth chronic otitis, and 13 from patients with oto- 
scserosis were taken as atraumatically as possible 
and placed into cold 2% paraformaldehyde, 2% 
glutaraldehyde in 0.08 M cacodylate buffer. After a 
4- to 8-hour fixation period, they were rinsed in 
buffer and postfixed with 2% osmium tetroxide for 
2 nours. They were decalcified in 4% glutaralde- 
hyde and 0.1 M EDTA at pH 7.4. After dehydration 
in graded acetone solutions, they were embedded in 
Epon-araldite, sectioned at 0.5 to 1.0 um, and 
stained with toluidine blue and basic fuchsin. Se- 
lected areas were prepared for electron microscopy 
by thin sectioning on a Reichert ultramicrotome 
ard stained with lead citrate and uranyl acetate. 
G-ids were viewed and photographed with a Zeiss 
109 transmission electron microscope. When osteo- 
clasts appeared to have only one nucleus, the speci- 
men wes serial sectioned to evaluate the cell for ad- 
ditional nuclei. 


RESULTS 


Chronic Otitis Media Without Cholesteatoma. 
O: the three specimens obtained from patients who 
had chronic otitis media without cholesteatoma, 
two had osteoclastic resorption (Fig 1A). These 
specimens contained regions of granulation tissue 
with adjacent bone. The granulation tissue con- 
ta.ned a variety of cell types but the subepithelial 
tissues were predominantly mononuclear cells: 
macrophages, polymorphonuclear leukocytes, his- 
tiecytes, plasma cells, and lymphocytes. Capillary 
proliferation in these areas was also typical. Colla- 
gen fibers were seen in the subepithelial and peri- 
osteal areas, which appeared to be normal with 
nermal periodicity. The osteoclasts seen were multi- 
nucleat2 and contained features typical of these 
cals: ruffled borders, vacuolated cytoplasm, and 
large numbers of mitochondria (Fig 2). Osteoblasts 
were always seen adjacent to areas of active resorp- 
tion. 


Chronic Otitis Media With Cholesteatoma. 
E even of the 24 patients with cholesteatomas had 
osteoclasts (Fig 1B). These specimens were taken 
from surgical cases and included the matrix of the 
cholesteatoma with adjacent bone. As in the 
chronic otitis media cases, the subepithelial regions 
centained collections of mononuclear cells with 
capillary proliferation. Mononuclear cells were seen 
near bene surfaces but these areas showed no active 
erosion pits, interstitial collagen dissolution, or loss 
oi the amina limitans of the bone surface. Osteo- 


blasts always were seen in these specimens near the 
areas of osteoclastic resorption. 


Otosclerosis. Current surgical methods for oto- 
sclerosis rarely yield specimens suitable for histo- 
logic study; therefore, only 13 specimens were ob- 
tained. Of the 13 otosclerosis specimens, three were 
spongiotic and ten were sclerotic. Of the spongiotic 
samples, all three had osteoclasts; none of the ten 
sclerotic specimens had osteoclasts (Fig 1C). The 
spongiotic lesions of otosclerosis can be charac- 
terized as typical “bone morphogenic units”! with 
localized areas of osteoblastic and osteoclastic ac- 
tivity. Some mononuclear cells that could be char- 
acterized as tissue monocytes (histiocytes) or active 
fibroblasts were present in these areas. The sclerotic 
lesions had no evidence of active remodeling, 
though empty Howship’s lacunae were present, and 
the noncalcified areas lacked a monocytic infiltrate 
and contained collagen fibers, fibroblasts, and some 
capillaries. 


DISCUSSION 


Careful review of properly fixed tissues removed 
during surgical procedures for chronic otitis media 
and otosclerosis has shown that osteoclastic bone re- 
sorption is an important pathologic determinant in 
these diseases. 


Chronic Otitis Media Without Cholesteatoma. 
Each of the surgical specimens in this study showed 
evidence of osteoclastic bone resorption in the form 
of active osteoclasts or Howship’s lacunae. Some 
specimens contained granulation tissue adjacent to 
eroded bone without osteoclasts, but there was no 
evidence that mononuclear cells in the vicinity ac- 
tually resorbed the bone: the lamina limitans of the 
bone surface was intact. 


Sadé and Halevy” observed that bone erosion 
was present in 42.3% of ears operated upon for 
chronic otitis media without cholesteatoma. Karja 
et al’? studied 187 cases of chronic otitis media 
without cholesteatoma; of these, 26 were studied 
histologically. They found evidence of bone erosion 
in all but four specimens. They found granulation 
tissue in the vicinity of erosion lacunae but osteo- 
clasts were “scanty.” Thomsen et al'* also found evi- 
dence of ossicular erosion in 12 patients with 
chronic otitis media. They found a subepithelial in- 
filtration of inflammatory cells, mainly fibroblasts 
and histiocytes; osteoclasts were not observed. On 
the basis of the findings in the present study and the 
current knowledge of bone resorption in general, it 
is likely that osteoclasts principally erode bone in 
chronic otitis media, but since they are transient 
cells they are not always seen in surgical specimens. 
The histiocytes and other mononuclear cells that 
Thomsen et al observed are not actively eroding 
bone but they may be the precursors or controllers 
of osteoclasts. 
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Fig 2. Electron micrographs of area of active resorption in case of chronic otitis media. A) Active osteoclasts and osteoblasts 
(original x750). B) Detail of osteoblasts: mononuclear cells filled with rough endoplasmic reticulum (ER) (original x3,000). 
C) Characteristic features of active osteoclast: ruffled border, adjacent vesicles, and large numbers of mitochondria (original 


x3,000). 


Chronic Otitis Media With Cholesteatoma. Sadé 
and Halevy’? observed that bone erosion was pres- 
ent in 84% of ears operated upon for chronic otitis 
media with cholesteatoma. Abramson and Huang’® 
have argued that bone resorption in chronic otitis 
media is due to an enzymatic process in which neu- 


tral collagenase from “adjacent tissue (in this case, 
inflammatory connective tissue)? directly erodes 
bone. 


Thomsen et al,'4+'6 in ultrastructural studies of 
chronic otitis media with and without cholestea- 
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toma, did not observe osteoclasts although bone re- 
sozption was evident, and they concluded that other 
cels, such as histiocytes, were responsible for bone 
resorption. In contrast, most observers found osteo- 
clastic bone resorption. '-3:!7-?2 


Otosclerosis. It is well known that otosclerotic le- 
siens in the middle ear may be active (spongiotic) or 
sc-erotic. Schuknecht? observed that the initial 
event in otosclerosis is “destruction of endochondral 
bene with the formation of resorption spaces.” He 
also showed osteoclastic activity in an active oto- 
sc-erotic lesion. Lim and Saunders?*5 also observed 
oszeoclastic resorption; they found two of eight 
spongiotic lesions contained active osteoclasts. Lim 
etal, in an evaluation of active spongiotic foci from 
otosclerotic stapes, found numerous bone cells in- 
cluding osteoblasts, osteocytes, and osteoclasts: the 
oseoclasts sometimes appeared to be mononuclear. 
In contrast, Bretlau et al? emphasize the relative 
lack of typical osteoclasts in otosclerotic foci and in- 
dicate that other cells (“histiocytes or pro- 
macrophages”) actively resorb bone. Petrovic et 
al” in a review of the pathophysiology of oto- 
sc-erosis, also stated that bone resorption was the 
intial event in the development of the spongiotic le- 
sien and that the responsible cell was a mononu- 
clear or multinuclear cell “having the cytologic and 
cytochemical features of the osteoclast.” The find- 
ing of osteoclastic bone resorption in the endo- 
chondral bone is particularly important since this 
bene calcifies in its adult configuration and never 
undergoes remodeling.” ?8 


Although “enzymatic” and “chemical” theories of 
bcne resorption in otosclerosis are conceptually cor- 
rect, recent advances in bone biology and evidence 
from human histopathology point toward osteo- 
clastic mechanisms in these diseases. It is beneath 
the ruffled border of the multinucleate osteoclast 
that bone resorption occurs. It is now known that 
the organic phase of bone (mostly type I collagen) is 
degraded by a cathepsinlike protein produced by 
the osteoclast; this protease is maximally effective at 
pH 4.0.? There is evidence that the pH of the 
microenvironment of the ruffled border is acidic. 


A number of biochemical factors are known to af- 
fect osteoclasts in vivo and in vitro. Some systemic 
eEectors of osteoclast activity are parathyroid hor- 
mone, 1,25-dihydroxy vitamin D, and calcitonin. 
Other factors may have localized effects upon osteo- 
clast activity: interleukins 1 and 3 (IL-1, IL-3), tu- 
mor necrosis factor alpha (TNFa), transforming 
gmwth factor alpha and beta (TGFa, TGF6), 


platelet-derived growth factor, and colony-stimu- 
lating factors (CSF-GM, CSF-M [CSF-1], and CSF- 
G).'° Arachidonic acid metabolites (prostaglandins 
and leukotrienes) also may play a role in the control 
of bone resorption. The evidence for a role of these 
substances in remodeling is based upon in vitro and 
in vivo studies. 


Prostaglandins were shown to stimulate resorp- 
tion in cultured fetal bone by Klein and Raisz.3!2 
Subsequently, others found that PGE2,% prosta- 
glandins E, Fa, and 6 endoperoxidases, and the 
13,14-H2 compounds* 6-keto-PGFla and 6-keto- 
PGE1”* stimulated resorption in bone culture sys- 
tems. In contrast, Chambers and Ali,?° Chambers et 
al,” and Arnett and Dempster” found that PGE1, 
PGE2, and PGI2 suppressed the activity of isolated 
osteoclasts. 


The effects of prostaglandins and their inhibitors 
on bone resorption in the living organism have not 
been well documented. Powles et al” found that 
aspirin inhibited osteolysis in metastatic breast car- 
cinoma. Yamasaki et al and Chumbley and Tun- 
cay*' found that prostaglandins and their inhibitors 
affected the rate of orthodontic tooth movement. 
There is also evidence that osteoblasts may control 
osteoclastic activity by producing a cytokine that 
has not yet been identified, or by the production of 
neutral collagenase that exposes the mineral of the 
bone surface, causing it to be available for osteo- 
clastic resorption.” The studies of the effects of 
these factors on osteoclasts is based primarily on 
their activity in cell or tissue culture; therefore, 
their in vitro activity may or may not reflect in vivo 
activity in areas of localized bone remodeling. The 
process of localized bone resorption and remodeling 
may differ depending upon anatomic site and bone 
type. Clinically, the labyrinthine bone of the otic 
capsule (endochondral bone) seems to be more re- 
sistant to resorption than is the bone of the mastoid 
air cells (membranous and periosteal bone). Addi- 
tionally, we have estimated the strains causing 
remodeling in the membranous bone of the gerbil- 
line middle ear by air pressure to be 10 micro- 
strain while remodeling of cortical bone is esti- 
mated at 100 to 3,000 microstrain.*?:*4 


Therefore, the questions that must be asked with 
regard to pathologic bone resorption in the middle 
ear should be directed at understanding the mecha- 
nisms of bone erosion by osteoclasts and, more per- 
tinently, toward an understanding of the mecha- 
nisms that recruit and activate osteoclasts at a local 
site. 
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SURGICAL TREATMENT OF CHOLESTEATOMA: THE ROLE 
OF STAGING IN CLOSED OPERATIONS 


GORDON D. L. SMYTH, MD, FRCS 


BELFAST, NORTHERN IRELAND 


It has been proposed that closed operations on cholesteatomatous ears should be performed on a two-stage basis in order to detect 
disease lef: behind at the first operation and to correct developing retraction pockets. Two groups of patients who had closed operations 
performec in two stages, 100 combined approach tympanoplasties and 100 mastoid obliterations with tympanoplasty, were observed for 
10 vears after the second stage. A much greater than expected incidence of eventual cholesteatoma recurrence suggests that even with stag- 
ing, closec techniques may provide a less than reliable outcome in surgical control of the disease, and long-term observation of ears thus 


treated is desirable. 


KEY WORDS — cholesteatoma, combined approach tympanoplasty, mastoid obliteration with tympanoplasty. 


Since the beginning of the tympanoplasty era, 
considerable effort has been devoted to the develop- 
ment of techniques designed to ensure enduring 
anatomic stability for cholesteatomatous ears. The 
thrust of many of these efforts has been toward the 
avoidance of the open mastoidectomy cavity that 
characterizes modified radical and Wullstein tym- 
panoplasty operations. It has been proposed that 
cholesteatoma could be cured and the patient left 
with a stable ear by 1) preserving the osseous canal 
wall (combined approach tympanoplasty [CAT]), 
or 2) removing bone to expose and eradicate the dis- 
ease process to the greatest possible extent and fill- 
ing the resultant open defect with soft tissue and 
bane dust (mastoid obliteration with tympanoplas- 
ty [MOT]). As opposed to existing operations that 
leave a permanently open mastoidectomy cavity, 
these procedures were regarded as “closed.” 


Although initial results with closed operations 
were encouraging, their suitability has been chal- 
leaged seriously both by some unexpected findings 
at further operations' and by the results of clinical 
observation of operated ears for 10 to 15 years.’ 


It has been shown that with closed operations 
cholesteatoma may fail to be totally removed or 
even may develop again in up to 50% of initially 
satisfactory ears.*-° Furthermore, because of atro- 
pky of ear canal bone in CAT’ and obliteration of 
soft tissue grafts in MOT,’ an open cavity even- 
tually may develop in many other operated ears. 


Failure to eradicate cholesteatoma permanently 
has led to recommendations to perform closed oper- 
ations cn a two-stage basis,”*"'’ and there appears 
to be a general assumption that a satisfactory status 
at the second operation guarantees long-term stabil- 
ity. The worth of these recommendations has not been 


known, nor indeed whether the results achieved by 
a minimum of two closed operations are significant- 
ly better than those obtained with simple open cavi- 
ty procedures and microsurgical techniques. The 
purpose of this study was to determine to what ex- 
tent staging benefits the eventual outcome with 
closed operations such as CAT and MOT. 


METHODS 


In order to evaluate the two-stage policy, the pro- 
gress of two groups of patients with planned two- 
stage closed operations performed between 1975 
and 1979 has been monitored on a regular basis. 
There were 100 two-stage CAT and 100 two-stage 
MOT operations; 35 of the CAT patients and 21 of 
the MOT patients were 16 years old or younger. 
The findings at the first operation and technical de- 
tails for both groups have been documented previ- 
ously. '? 


In each group the second stage procedure was 
carried out between 6 and 9 months after the first 
operation. In the CAT group, residual cholestea- 
toma was detected at the second operation in the 
epitympanum in 13% and in the mesotympanum in 
9%. By this time a retraction pocket had already 
developed in 12%. At the second stage of the MOT 
procedure, residual cholesteatoma was detected in 
the epitympanum in 17% and in the middle ear in 
13%. There was also one patient (1%) in whom re- 
sidual cholesteatoma was detected in the mastoid 
bowl. There were no retraction pockets in the MOT 
group. A comparison of the result in these two 
groups failed to confirm the view that removing the 
canal wall improved the chances of totally remov- 
ing the cholesteatomatous process from the middle 
ear space, especially from the epitympanum. 
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| TABLE 1. STAGED COMBINED APPROACH 
TYMPANOPLASTY: FINDINGS AT SECOND OPERATION 


AND SUBSEQUENT DEVELOPMENTS 


Clinical 10-Year Development 
Findings at No. of No Retraction Residual 
Stage 2 Ears Disease Pocket Cholesteatoma 
Residual 


cholesteatoma 22 22 0 0 
Retraction pocket 12 T 4 l 
No disease 68 59 4 3 
Total 100 88 8 4 

RESULTS 


The findings at the second operation and subse- 
quent complications detected clinically during the 
9- to 10-year postoperative period of observation 
were compiled. Follow-up was incomplete for eight 
CAT patients because of failure to return in five in- 
stances at 1, 1, 3, 4, and 7 years, respectively; death 
of one patient at 5 years from unrelated causes; and 
emigration of two patients at 1 and 2 years. Follow- 
up was incomplete for eight MOT patients after one 
failed to return after 1 year; death of two patients at 
3 and 5 years from unrelated causes; and emigra- 
tion of five patients at 1, 3, 5, 9, and 9 years, respec- 
tively. For CAT ears (Table 1), although no ear 
having residual cholesteatoma removed at stage 2 
subsequently developed a clinically apparent cho- 
lesteatoma, the incidence of retraction pockets (po- 
tentially leading to a recurrence of the original dis- 
ease) eventually increased by one third. In four ears 
in which retraction pockets were repaired at the 
second operation, the condition recurred in one at 1 
year, in two at 2 years, and in one at 4 years. 
Retraction pockets were detected in four apparently 
satisfactory ears at the second operation at 4, 4, 5, 
and 8 years, respectively. In three ears with no 
pathologic findings at the second operation, two 
epidermoids were detected in the epitympanum 
and one in the mesotympanum after 4, 5, and 6 
years, respectively. Thus, seven (11%) of 66 CAT 
ears apparently completely free from cholesteatoma 
at the second stage eventually developed an epider- 
moid or a retraction pocket. With MOT ears (Table 
2), no retraction pockets developed after the second 
operation, but in 31 ears in which residual choleste- 
atoma had been removed at stage 2, extensive cho- 
lesteatoma was detected clinically in three ears 
(10%) — two at 3 years and one at 6 years after the 
second operation. Of 69 ears apparently healthy at 
the second stage, five (7%) subsequently again de- 
veloped cholesteatoma. Two were discrete epider- 
moids detected at 2 years postoperatively, one in the 
epitympanum and the other in the mesotympanum. 
The remainder, detected at 2, 7, and 8 years, were 
extensive and their site of origin could not be deter- 
mined. 


No valid comparison of recurrence rates between 
. adults and young patients is possible because of the 
‘small numbers involved (Table 3). 


TABLE 2. MASTOID OBLITERATION WITH 
TYMPANOPLASTY: FINDINGS AT SECOND OPERATION 


AND SUBSEQUENT DEVELOPMENTS 


! Clinical 10-Year Development 
Findings at 1 No.of No Retraction Residual 
Stage i Ears Disease Pocket Cholesteatoma 
Residual 
cholesteatoma 31 24 0 3 
No disease | 69 68 0 5 


Total | 100 92 0 8 


| 
| DISCUSSION 


Many otologists have agreed that the incidence of 
postoperative complications after intended once- 
only closed, operations for cholesteatoma is und¢- 
ceptably high. As a consequence, there has been a 
resort to a policy of staging in order to obtain op- 
timum results with CAT and MOT procedures. 


In order to evaluate the worth of staging and to 
determine to what extent a satisfactory status at the 
second operation i is a guarantee of long-term stabil- 
ity, two series of closed operations, 100 CAT and 
100 MOT ears operated on in two stages have been 
followed up regularly for 10 years. Thus, the main 
purpose of ' this investigation was to determine 
whether the expenditure of skills, time, and money 
inherent in routine staging of operations for choles- 
teatoma was justified. 


The case for staging would be strong if after the 
second operation an overwhelming majority of ears 
remained disease free indefinitely. Unfortunately, 
such support cannot be derived from this study. 


Recurrence of cholesteatoma within the tubo- 
tympanic cleft is common to both of the closed op- 
erations studied. Its development in 10% of CAT 
and 7% of MOT ears, when these were considered 
to be free from the disease at the second operation, 
is most disquieting. Whether this complication was 
due to a surgical technical error or was a conse- 
quence of subsequent delayed metaplasia of middle 
ear epithelium due to the persistence of some theo- 
retical etiologic factor cannot be determined at 
present. 


For the author these findings indicate a need for 
continued observation of all patients treated by 
closed procedures, even those in whom no choles- 
teatoma was found at the second operation. For 
reasonable safety, follow-up should be for longer 
than the greatest interval after which complications 
have been detected so far in this study and should 
probably be carried out for at least 8 years. 


TABLE 3. EPIDERMOIDS FOLLOWING 
| SECOND OPERATION 


Procedurel Age <17 yr Age >16 yr 
CAT |; 3/35 1/65 
MOT i 2/21 6/79 


CAT — combined approach tympanoplasty, MOT — mastoid oblitera- 
tion with tympanoplasty. 
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RECONSTRUCTIVE TECHNIQUES FOR TYMPANOSCLEROSIS 


DAVID F. AUSTIN, MD 


CHICAGO, ILLINOIS 


Tympanosclerosis is found in more than 30% of patients with chronic ear disease. Clinically significant tympanosclerosis is defined as 
that affecting the surgical procedure by requiring removal to effect a hearing improvement. This type is seen in less than half of all patients 
with tympanosclerosis. The incidence and patterns of involvement are documented for 352 of the author’s surgical patients subdivided into 
two groups: one operated on in the early 1960s and another observed more than 15 years later. The surgical techniques employed for hear- 
ing restoration are described, as are the hearing results obtained. The findings would indicate that tympanosclerosis is amenable to surgical 
correction, with a success rate approximately that of nontympanosclerotic ears. The special techniques needed to avoid complications 


when the disease invades the oval window are emphasized. 


KEY WORDS — hearing restoration, tympanosclerosis. 


Tympanosclerosis has been described as the thick- 
ening and fusion of collagenous fibers into a homo- 
geneous mass with the final deposition of scattered 
intracellular and extracellular calcium and phos- 
phate crystals.‘ These masses may occur as isolated 
deposits in the tympanic membrane and middle ear 
or may be massive, surrounding the ossicles or filling 
the middle ear. Tympanosclerosis is found in more 
than a third of patients with chronic ear disease. 
Clinically significant tympanosclerosis may be de- 
fined as that requiring direct surgical removal to ef- 
fect hearing improvement, and it will be present in 
less than half of those patients manifesting any de- 
gree of tympanosclerosis. These larger masses of tym- 
panosclerosis not only produce severe impedance to 
sound transmission, but may also affect the probabil- 
ity of a satisfactory hearing result following tympa- 
noplasty. This report describes the methods used and 
the results obtained when clinically significant tym- 
panosclerosis is encountered during tympanoplasty. 


Several excellent reports have been published on 
this subject. Data from these reports will be used for 
comparison to my experience when appropriate. 
The reader is well advised to read the entire text of 
these references for the surgical techniques they de- 
scribe. No greater challenge to the surgeon’s skill ex- 
ists than that of obtaining a good hearing result for 
the patient with tympanosclerosis. 


Two patient populations will be documented: 
1,015 patients I operated on for chronic ear disease 
between 1959 and 1964 in Memphis, Tennessee; 
and 499 I operated on between 1976 and 1984 in 
Chicago. 


INCIDENCE 


In Memphis, Tennessee, between 1959 and 1964, 
1,015 operations for chronic ear disease were per- 
formed and were followed up for longer than 6 
months postoperatively. Of these, 320 patients 


(32%) revealed tympanosclerosis in the tympanic 
membrane or middle ear. 


In Chicago, 499 patients were operated on be- 
tween 1976 and 1984 for chronic ear disease. Of 
these, 32 (6.4%) were found to have clinically sig- 
nificant tympanosclerosis. 


Table 1%5 lists the incidence of tympanosclerosis 
found in these two patient groups and compares 
them to the reports of others. The marked differ- 
ence in the observed incidence of tympanosclerosis 
between the Memphis and Chicago series deserves 
comment. The difference may be accounted for by 
the method of record keeping. In Memphis, an IBM 
punch card system was used. Each focus of tym- 
panosclerosis was noted, notwithstanding its impor- 
tance in the surgical procedure. In Chicago, by con- 
trast, the data were collected from the clinical rec- 
ords, and only those patients with clinically signifi- 
cant tympanosclerosis were noted. This viewpoint is 
supported by the report of Emmett and Shea,’ who, 
although reporting a patient population treated in 
Memphis, described an incidence similar to that 
seen in Chicago. 


In summary, it may be stated that even though 
more than one third of patients with simple chronic 
otitis media will demonstrate some degree of tym- 
panosclerosis, less than half of the cases will be ad- 
vanced sufficiently to influence the surgery or result. 


TABLE 1. VARIOUS REPORTED INCIDENCES OF 
TYMPANOSCLEROSIS IN SURGERY FOR CHRONIC 
EAR DISEASE 


Series Reported Incidence 
Memphis 31.5% (320/1,015) 
Chicago 6.4% ( 32/ 499) 
Sheehy and House? 33.0% ( 75/ 227) 
Emmett and Shea? 7.8% ( 45/ 579) 
Morgan‘ 28.2% ( 35/ 124) 
Sterkers et al‘ 15.0% ( 77/ 513) 


Presented at the meeting of the American Otological Society, Inc, Palm Beach, Florida, April 23-24, 1988. 
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TABLE 2. SURGICAL FINDINGS IN TYMPANOSCLEROSIS 


Finding Memphis Series 
Incidence 32% (320/1,015) 
Perforation 93% (297/ 320) 
Only tympanic membrane involved 44% (142/ 320) 
Tympanic membrane intact 8% ( 24/ 320) 
Ossicular involvement 56% (178/ 320) 
Malleus alone 11% ( 20/ 178) 
Incus alone or with malleus 67% (120/ 178) 
Stapes alone 13% ( 23/ 178) 
Stapes fixed NR 
Discharging ear 8% ( 24/ 320) 
Mucosal disease 21% ( 66/ 320) 
Cholesteatoma NR 


(13.4% [43/312] 
with squamous ingrowth) 


NR — not reported. 


Sheehy and House? Chicago Series 


33% (75/227) 6.4% (32/499) 
83% (62/ 75) 94.0% (30/ 32) 
51% (38/ 75) 12.5% ( 4/ 32) 
17% (13/ 75) 6.0% ( 2/ 32) 
49% (37/ 75) 87.5% (28/ 32) 
38% (15/ 40) 9.0% ( 3/ 32) 
63% (25/ 40) 15.6% ( 5/ 32) 
28% (21/ 75) 31.3% (10/ 32) 
41% (31/ 75) 50.0% (16/ 32) 
9% ( 7/ 75) NR 

NR NR 
28% (21/ 75) 3.0% ( 1/ 32) 





PATHOLOGIC FINDINGS 


Most of the referenced authors stated the belief 
that tympanosclerosis was an end stage in the heal- 
ing process of chronic inflammation of the middle 
ear. This viewpoint is supported by the pathologic 
findings listed in Table 2.7 Only 21% of patients 
with tympanosclerosis demonstrated active mucosal 
disease. as compared to 52% of patients without 
tympanosclerosis. This is a significant difference, 
especially in view of the fact that the incidence of 
tympanic membrane perforation and ossicular ne- 
cosis was similar in the two populations. Although 
scme authors have noted an association of tympano- 
sderosis with cholesteatoma (28% in the report of 
Sheehy and House’), it was much less commonly 
neted in the Chicago series. Ingrowth of squamous 
epithelium was seen in 13% of the patients, and it 
may be that this disorder is confused with actual 
cholesteatoma in some reports. 


In the larger series (Memphis and Sheehy and 
House’), tympanosclerosis was limited to the tym- 
panic membrane in half of the patients. It may be 
deduced that of those patients with disease limited 
to the tympanic membrane, it presented a surgical 
problem in less than a third. Clinically significant 
disease, as reflected in the Chicago series, involved 
the ossicular chain in almost 90% of the patients, 
ard most of the surgical problems that will be dis- 
cussed may be found in this group. As further evi- 
dence of the seriousness of this problem, stapes fixa- 
tien was present in 50%. 


SURGICAL TECHNIQUE 


Tympanic Membrane. As noted in Table 2,” tym- 
penosclerosis involved the tympanic membrane in 
the majority of patients and was limited to the 
drumhead in about half. In the majority of these 
petients, the tympanosclerotic plaques neither in- 
terfered with sound conduction nor required re- 
moval to accomplish successful grafting. Two spe- 
cilic problems require surgical intervention when 


there is drumhead involvement: malleus fixation 
and massive loading or stiffening. In each instance 
sound conduction is severely impaired, and removal 
of the mass of tympanosclerosis is required for suc- 
cessful reconstruction. 


Evaluation of the pathologic status is begun prior 
to turning the tympanomeatal flap. The central 
portion of the tympanic membrane should be able 
to vibrate as an elastic membrane, and the malleus 
should be able to receive this energy and transmit it 
to the ossicular chain. Palpation of the tympanic 
membrane with a blunt probe allows an estimate of 
its elasticity and a judgment as to whether the mal- 
leus is fixed. A common site of involvement is the 
anterior-superior segment of the tympanic mem- 
brane, and this mass also commonly causes malleus 
fixation. When this is seen, the tympanotomy expo- 
sure should be extended superiorly and anteriorly to 
approach this area directly. 


If it has been determined that significant involve- 
ment of the tympanic membrane is present, the pro- 
cedure is modified by dissecting the outer layer of 
the tympanic membrane from the underlying mass 
of tympanosclerosis. If a perforation is present, this 





Fig 1. Tympanosclerotic plaques being dissected from un- 
dersurface of tympanic membrane with long right-angled 
pick. 


672 | Austin, Tympanosclerosts 





2. Dissection of cyeipiarieslentate from oval window. A) When oval window nich is involved extensively with 


dissection may be carried out by creating a plane 
between the layers of tympanosclerosis with a long 
right-angled pick, by inserting it at the margin of 
the perforation (Fig 1). The superficial layer is kept 
as thin as possible, and the underlayer is loosened 
and pulled free with grasping forceps, with the sur- 
geon trying to avoid significant loss of normal tym- 
panic membrane. It is often necessary to delay re- 
moval of superiorly located masses until the tympa- 
nomeatal flap is elevated. 


When an anterior-superior mass of tympano- 
sclerosis fixing the malleus is encountered, it is often 
necessary to extend the superior limb of the tympa- 
notomy incision anteriorly beyond the short process 
of the malleus to expose this region of the middle ear. 
When the flap has been elevated to the annulus, a 
plane is formed in the underlying tympanosclerosis, 
with the outer layer kept as thin as possible. As long 
as the drumhead is pliant, it is not necessary to re- 
move the entire plaque. Usually it is required to dis- 
sect the tympanic membrane from the malleus han- 
dle in order to effectively remove the anterior mass. 





Fig 3. Footplate bi covered by composite graft of peri- 
chondrium (down) and cartilage. This should be prepared 
in advance in case of inadvertent footplate removal. Car- 
tilage is removed until oval slightly smaller than footplate 
` is formed, with cuff of perichondrium left surrounding it. 


¢ 


1 
| 
) 
| 
l 





cree 
er than attempting to remove plaques piecemeal, B) arch of stapes is removed iwith crurotomy saw, and C). disease is peeled 
aay from footplate en bloc. 


If the malleus is still fixed, it will be necessary to un- 
dertake attic dissection as detailed below; other- 
wise, drum/| grafting may now be carried out in a 
normal fashion. Unless the drumhead is intact fol- 
lowing the removal of the tympanosclerosis, an un- 
derlay autogenous perichondrial graft will follow 
the tecpnigie described above. _ 


Attic Fixation. Fixation of the malleus and/or in- 
cus in the attic is present in almost 50% of the pa- 
tients with clinically significant disease. Since most 
of these patients have an intact ossicular chain, 
there is great temptation for the surgeon to avoid 
disruption by attempting to loosen the point of fixa- 
tion by forced mobilization of the malleus or incus. 
Success, if achieved, will be short-lived at best. Re- 
fixation usually occurs within a few weeks. 


Evaluation of the problem requires determining 
the point of fixation. For this it is necessary to disar- 
ticulate the incudostapedial joint. By palpating 
both the stapes and the long process of the incus 
(gently, so as not to fracture either), it may be de- 
E whether the ossicles are fixed in the attic 
or the oval window or both. If attic fixation is pres- 
ent, it is first necessary to free the incus from the 
malleus head and then remove it. This may require 
forceful effort at times because of tympanosclerotic 
impaction. The incus may be preserved for use in 
the ossiculoplasty to follow. It is then determined 
whether the malleus is fixed. If so, the head is am- 
putated by use of a malleus nipper to cut through 
the neck. The handle of the malleus now should be 
freely mobile. Reconstruction is carried out by mal- 
leus-stapes assembly as described in another report.* 


TABLE 3. TYPES OF HEARING RECONSTRUCTION 
BY OVAL WINDOW INVOLVEMENT 


| Mobile, Fired 
Reconstruction | i Stapes Stapes Total 
Myringoplasty only 3 0 3 
Intact chain mobilized 2 l 3 
Malleus-stapes hssembly 8 3 nH 
Malleus-footplate assembly 2 6 8 
Stapedectomy | 0 3 3 
Columella (TORP or other) l 3 4 
Totals 16 16 32 


Based on Chicago series. 
TORP — botall ossicular replacement prosthesis. 
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TABLE 4. HEARING RESULTS IN PATIENTS 
WITH TYMPANOSCLEROSIS 


Memphis Chicago 
Series Series 
(n = 320) (n = 32) 
Preoperative air-bone gap 32 dB 33 dB 
Postoperative air-bone gap 16 dB 13 dB 
Ckange im air conduction 16 dB 20 dB 
Stident’s ¢ value for 
difference between series 2.5353 
(p< .02) 
Suecess rete 79 % 84 % 


The patient’s incus or malleus head or a homograft 
may be used for this reconstruction. 


Oval Window Fixation. After separation of the 
incudostapedial joint as described above, the mobil- 
itr of the stapes is checked. Massive invasion of the 
oval window is determined easily visually, but 
smaller plaques involving the annular ligament are 
found by palpating the head of the stapes. It should 
be remembered that attic fixation is often accompa- 
nied by stapes fixation. In such cases the attic in- 
volvement is relieved first as described above, and 
the stapes fixation is reduced as the final step of the 
reconstruction. 


Massive oval window invasion requires radical ex- 
cision of the tympanosclerosis en bloc with the stapes 
arch as shown in Fig 2. A crurotomy saw is used to 
cut the crura as close to the footplate as possible. 
Small-angled knives then are used to form a plane 
of disseetion just lateral to the footplate. With luck, 
this wil. free the fixation, leaving the footplate in- 
tact. Residual plaques may be removed under high 
magnification with sharp dissection and great care 
nct to hypermobilize the footplate or create a fistula. 
Prior to reconstruction, the footplate is reinforced 
wth a pad of autograft tragal cartilage. In spite of 
the most meticulous dissection, the footplate will 
sometimes be loosened and come free. At these times 
the oval window is covered immediately with a com- 
posite graft of perichondrium and thinned cartilage 


(Fig 3). 


Reconstruction of the ossicular chain is carried 
out as an assembly, either between the incus and 
oval window or between the malleus and the oval 
window, depending upon the ossicular remnants. A 
variety of techniques are possible with use of either 
stapedectomy or tympanoplastic prostheses as in- 
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Fig 4. Hearing results for Chicago series versus Memphis 
series. 


dicated. Between the malleus and oval window, 
either a homograft malleus shaped into a “malleus- 
footplate assembly” or a Shea/Treace incus replace- 
ment prosthesis provides the greatest stability, in 
my experience. Total ossicular replacement pros- 
theses or other means of columellar reconstruction 
are avoided when possible in these patients. Table 3 
details the types of reconstruction carried out in the 
Chicago series classified by stapes involvement. 


HEARING RESULTS 


Tables 4 and 5 detail the hearing results in these 
series of patients, and Fig 4 displays the results in 
terms of postoperative air-bone gap. Table 4 com- 
pares the differences between the two series for the 
basic parameters of preoperative air-bone gap, 
postoperative air-bone gap, and change in air con- 
duction. As can be seen, both the lesser postopera- 
tive air-bone gap and the greater improvement in 
air conduction favor the Chicago series. The Stu- 
dent’s t value of 2.5353 indicates that a probability 
of a chance occurrence of a difference of this magni- 
tude is less than 2%. 


Table 5 shows the hearing results of the Chicago 
series arranged by postoperative air-bone gap and 
by the type of reconstruction. Since the Memphis 
group were all operated on when reconstructive 
techniques were significantly dissimilar to those 
practiced today, an analysis of these hearing results 
was not done. The subgroups are too small to com- 
pare with reports of larger series of nontympano- 
sclerotic patients, but the totals compare almost 
identically with a series of 175 chronically diseased 


ears not selected for tympanosclerosis reported in 
1976.’ 


TABLE 5. HEARING RESULTS BY TYPE OF RECONSTRUCTION (CHICAGO SERIES) 


Reconstruction No. of Pts 
Myringoplasty only 3 
Intact chain mobilized 3 
Malleus-stapes assembly 11 
Malleus-footplate assembly 8 
Stapedectomy 3 
Columella (TORP or other) 4 
Totals 32 


TORP — total ossicular replacement prosthesis. 
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DISCUSSION 


The observations reported for these two series of 
operated patients permit a number of conclusions, 
the first of which is that even though tympanosclero- 
sis is a common finding in chronic ear disease, it is a 
serious problem in less than 10% of these patients. 


It has been stated‘ that regression of the hearing 
results may occur in patients with tympanosclerosis, 
since the plaques may continue to form after the ear 
has recovered from surgery. Both series of patients 
reported showed the same stability of result as pa- 
tients free of tympanosclerotic involvement. An ac- 
tuarial months-at-risk analysis was not performed, 
but until such an analysis shows otherwise, we 
should expect the same stability found overall in pa- 
tients with chronic ear disease. 


It has also been stated in the literature® that the 
hearing results will be poorer for patients with tym- 
panosclerosis. Such an outcome was not true of the 
352 patients reported. In both series, the hearing re- 
sults were comparable to the results in those pa- 
tients without tympanosclerosis. 
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OTOLOGIC COMPLICATIONS FOLLOWING 
TEMPOROMANDIBULAR JOINT ARTHROSCOPY 


EDWARD L. APPLEBAUM, MD 
ARVIND KUMAR, MD 


LAWRENCE F. BERG, MD 
MAHMOOD F. MAFEE, MD 


CHICAGO, ILLINOIS 


The recent application of arthroscopic surgical techniques to the temporomandibular joint (TMJ) has facilitated the diagnosis and 
treatment of TMJ disorders. However, as TMJ arthroscopy is performed more frequently, new complications are being recognized. We re- 
port three patients who developed severe otologic complications following TM] arthroscopy. Two sustained complete or severe sensori- 
neural hearing loss and severe vertigo from trauma to the ipsilateral ear. The third patient had complete facial paralysis from trauma to the 
facil nerve in the middle ear and a conductive hearing loss from incus dislocation. Complete hearing loss and facial paralysis from trauma 
to the main trunk of the facial nerve have not been reported previously as complications of TMJ arthroscopy. 


KEY WORDS — facial paralysis, hearing loss, temporomandibular joint, temporomandibular joint arthroscopy. 


INTRODUCTION 


Temporomandibular joint (TMJ) arthroscopy 
was first described by Ohnishi in 1975.' Application 
of arthroscopic surgical techniques to the TMJ has 
facilitated the diagnosis and treatment of TMJ dis- 
orders, resulting in increasing clinical application 
of this new technique and modifications of the pro- 
cedure.*-° Endoscopy of the TMJ is performed, with 
use of local or general anesthesia, through a skin 
puncture just anterior to the tragus. Because the 
joirt must be enlarged before the arthroscope is in- 
troduced, it is distended by injection of several mil- 
liliters of saline solution into the joint compart- 
ment. Initially, a sharp trocar surrounded by a can- 
nula is inserted through a stab incision of the skin. 
After the sharp trocar penetrates the lateral cap- 
sular wall, it is replaced by a blunt one that is ad- 
vanced into the joint cavity. On entering the joint 
cav ty, the blunt trocar is removed and the arthro- 
scope inserted. The arthroscope is a rigid fiberoptic 
endoscope with an outside diameter of 1.7 to 2.7 
mm. With arthroscopic visualization of the TMJ, ir- 
rigation, biopsy, lysis of adhesions, and photogra- 
phy of the joint can be performed. 


The TMJ has a superior and an inferior joint 
com partment separated by the articular disc. Inser- 
tion of the arthroscope into these two compartments 
is guided by the operator’s palpating of bony land- 
marks of the mandible and the TMJ either through 
the skin or indirectly through the tip of the trocar. 
To ensure safe entry of the arthroscope into the 
TMI, the angle of insertion and depth of penetra- 
tion are critical. 


As TM] arthroscopy is performed with increasing 
frequency, new complications are being recog- 


nized. Bleeding, infection, joint effusion, capsulitis, 
chondritis, and TMJ disc damage have been de- 
scribed.’ Injury to the peripheral branches of the fa- 
cial nerve as a direct consequence of trocar injury at 
the percutaneous puncture site is considered a small 
risk.* Injury to the main trunk of the facial nerve 
has not been reported. Mild hearing loss as a conse- 
quence of TMJ arthroscopy was reported in one case 
as due to ear infection and traumatic tympanic 
membrane perforation with slight ossicular injury.’ 
One other case of middle ear infection with subse- 
quent hearing loss was mentioned briefly in a 
reported series of TMJ arthroscopies.° Complete 
sensorineural hearing loss has not been reported 
previously. 


CASE REPORTS 


Case 1. A 37-year-old man underwent bilateral 
TMJ arthroscopy under general anesthesia. Upon 
awakening from anesthesia, he was extremely ver- 
tiginous and nauseated, and he vomited repeatedly. 
Complete hearing loss was immediately noted in his 
left ear, which discharged blood for 3 days follow- 
ing arthroscopy. When this patient was seen in con- 
sultation 4 weeks after arthroscopy, his severe ver- 
tigo had improved gradually but imbalance re- 
mained. He complained of no hearing and tinnitus 
in his left ear. The Weber lateralized to the right, 
and the Rinne was positive on the right and not 
heard on the left with Barany box masking of the 
right ear. The left ear had a large, dry central per- 
foration of the posterior half of the tympanic mem- 
brane through which an apparently intact incudo- 
stapedial joint could be seen (Fig 1A). No evidence 
of external auditory canal trauma was seen at this 
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Fig 1 (Case 1) A) Central perforation of posterior half of left tympanic membrane. Incudostapedial joint (arrow) is apparently in- 
tact. B) Audiogram showing normal hearing in right ear and absent hearing responses in left. Appropriate masking was used when 
left ear was tested. C) Axial CT scan section showing fluid density in left mastoid air cells (arrow). Asterisk — mandibular condyle 
adjacent to thin area in anterior bony wall of external auditory canal. 


time. Facial nerve function was normal. No spon- 
taneous nystagmus could be detected through 
Frenzel’s glasses. On tandem Romberg testing with 
eyes closed, the patient fell to the right side. 


An audiogram showed normal hearing in the 
right ear but essentially absent hearing in the left 
(Fig 1B). Computed tomographic scans of the tem- 
poral bones revealed fluid density in the mastoid air 
cells on the left, but no bony abnormality could be 
identified (Fig 1C). 


This patient’s postarthroscopy course was indica- 
tive of penetrating injury to the inner ear identical 
to that seen following surgical labyrinthectomy or 
temporal bone fractures that extend into the 
labyrinth. When the patient was seen 4 weeks after 
arthroscopy, a penetration site in the anterior wall 
of the external auditory canal may already have 
healed. The intact inducostapedial joint suggests 
that labyrinthine penetration probably occurred 
through the stapes footplate, just missing the in- 
cudostapedial joint. Alternatively, it is possible that 
attempts at irrigating the TMJ, with the cannula 
actually in the middle ear, resulted in rupture of 
both the tympanic and round window membranes. 


Case 2. A 35-year-old woman had undergone 
open TMJ surgery without apparent complications 
7 months prior to arthroscopy for persistent TM] 
problems. Immediately following arthroscopy, she 
was severely vertiginous, with nausea and vomit- 
ing. Hearing loss and tinnitus were noted on the 
left. The vertigo gradually resolved, but when seen 
in consultation 2 months after arthroscopy, she still 
complained of imbalance as well as persistent hear- 
ing loss and tinnitus. Her tympanic membranes 
were intact, but a healing, granular lesion was seen 
in the left anterior canal wall just lateral to the tym- 
panic membrane. Facial nerve function was intact, 
and no nystagmus was seen. 


Audiometry disclosed a severe sensorineural hear- 
ing loss on the left with 36% speech discrimination 
(Fig 2). A CT scan was normal, except for an air- 
fluid level in the mastoid antrum and a slight ir- 
regularity of the anterior wall of the external audi- 
tory canal on the left. 


This patient’s postarthroscopy course was similar 
to that in case 1, except for the finding of some 
residual hearing in the affected ear. No perforation 
of the tympanic membrane was seen, but one may 
have healed in the 2 months before she was seen. An 
external auditory canal lesion in this patient sug- 
gests that the route of penetrating injury to the in- 
ner ear passed through the external auditory canal. 
The CT finding of an air-fluid level in the mastoid 
antrum of this patient, and the fluid density seen in 
the mastoid air cells of the patient in case 1, prob- 
ably represent clotted blood in the pneumatized 
spaces of the temporal bone, since saline irrigation 
fluid would have been resorbed by the time the CT 
scan was done. 
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Fig 2. (Case 2) Audiogram showing normal hearing in 
right ear and severe sensorineural hearing loss in left. 
Speech discrimination on left was 36%. 
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Fig 3. (Case 3) A) Audiogram showing normal hearing in left ear and conduc- 
tive hearing loss of moderate degree in right ear. Speech discrimination was 
normal bilaterally. B,C) Axial CT scan sections of B) left temporal bone show- 
ing posterior and medial dislocation of incus (arrow) and C) right temporal 
bone showing normal malleus and incus (arrow) for comparison. D,E) Coronal 
CT scan sections of D) right temporal bone showing soft tissue mass (arrow) in 
region of horizontal segment of facial nerve and overhanging oval window and 
E) left temporal bone showing normal facial nerve and oval window for com- 
parison. 














Case 3. A 35-year-old woman had open TMJ sur- positive on the left. A posterosuperior central per- 


gery on the right side 7 years prior to undergoing 
arthroscopy of the same joint. Complete right facial 
paralysis and hearing loss in the right ear were pres- 
ent immediately following arthroscopy. Vertigo, 
mausea, and vomiting were not present. 


This patient was seen in consultation 6 weeks 
after arthroscopy. The Weber lateralized to the 
r ght and the Rinne was negative on the right and 


foration was present in the right tympanic mem- 
brane. No lesion was seen in the external auditory 
canal. Complete facial paralysis was present on the 
right side. 


Audiometry disclosed a moderate conductive 
hearing loss on the right side with normal speech 
discrimination (Fig 3A). A CT scan revealed a dislo- 
cated incus (Fig 3B) and soft tissue density in the 
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region of the tympanic segment of the facial nerve 
on the right side (Fig 3D). No fracture lines were 
seen. Electromyography of the facial muscles showed 
no motor unit action potentials on the right, indi- 
cating lack of reinnervation. 


At surgery, the incus was found to be dislocated 
posteriorly, and its long process had been trau- 
matically shortened. The tympanic segment of the 
facial nerve was exposed but surrounded by dense 
scar tissue that could be separated from an ap- 
parently intact nerve sheath. Return of facial func- 
tion began 5 weeks postoperatively, and ossic- 
uloplasty is planned as a second stage. 


The inner ear was not damaged in this patient, 
but penetrating injury to the middle ear produced a 
tympanic membrane perforation, dislocation and 
fracture of the incus, and severe trauma (but not 
transection) to the horizontal portion of the fallo- 
pian canal and facial nerve in the middle ear. 


DISCUSSION 


Since the first published report describing TMJ 
arthroscopy in 1975,’ only two cases of otologic 
complications from the procedure have been re- 
ported. In a report of a series of TMJ arthroscopy 
cases, Sanders® mentions an occurrence of “severe 
postoperative middle ear infection,” but the type of 
hearing loss and pathogenesis of the otologic com- 
plication are not described. Van Sickels et al® pub- 
lished a single case report of a middle ear injury that 
occurred during TMJ arthroscopy. They reasoned 
that attempts at positioning the blunt trocar 
resulted in the instrument’s sliding posteromedially. 
In their patient, difficulty was encountered in 
palpating the posterior recess of the TMJ because of 
thick overlying soft tissue. During the attempt to 
manipulate the arthroscope into the joint space, 
middle ear structures were recognized and photo- 
graphed through the arthroscope. Arthroscopic 
photographs of the middle ear appear in the pub- 
lication. A tympanic membrane perforation and 
slight dislocation of the malleus were seen immedi- 
ately after arthroscopy, but 3 months later the per- 
foration had closed and only a 15-dB conductive 
hearing loss persisted. 


In our series, two of the three patients had previ- 
ous open TMJ surgery, which may have caused 
complications after TMJ arthroscopy. Scar tissue 


and distortion of normal landmarks resulting from 
the previous operations may have caused difficulty 
in accurate placement of the trocars and arthro- 
scopes into the TMJ. Inadvertently passing the ar- 
throscope into the external auditory canal and then 
perforating the tympanic membrane and entering 
the middle ear was the likely pathway of the in- 
duced injury in our cases. None of our patients’ CT 
scans showed a fracture of the osseous anterior wall 
of the external auditory canal. This may be the re- 
sult of the arthroscopy instrument’s having pene- 
trated the canal wall lateral to the osseous portion, 
or it may be due to failure of CT to detect the small 
defect in the bone. In our first and second cases, in 
which sensorineural hearing losses resulted, neither 
fracture lines into the inner ear nor dislocation of 
the stapes was seen, either clinically or on CT scan. 
There may have been small fractures through the 
stapes footplate caused by direct penetration by the 
rigid instruments. Another possibility is that irriga- 
tion through the arthroscopic instruments, inadver- 
tently positioned in the middle ear, resulted in rup- 
ture of the round window membrane and injury to 
the membranous labyrinth. . 


The proximity of the TMJ to the external audi- 
tory canal and middle ear is apparent in cross sec- 
tions of the temporal bone (Fig 1C). The anterior 
portion of the external auditory canal: wall defines 
the posterior ‘limit of the glenoid cavity, and the 
osseous portion of the anterior canal wall may be 
very thin or ‘even dehiscent.'° Presumably, these 
thin or dehiscent areas, the junction between the 
cartilaginous and osseous external auditory canal, 
and the cartilaginous canal wall are all easily 
penetrated by TMJ arthroscopic instruments. Once 
the external auditory canal is penetrated inadver- 
tently, it is only a very short distance, and one that 
offers little or no resistance to advancement of a 
rigid instrument, to the tympanic membrane, mid- 
dle and inner ear, and facial nerve. Our report doc- 
uments that severe injury to these structures can oc- 
cur following TMJ arthroscopy, especially in “pa- 
tients who have had previous open surgery of the 
TMJ. ‘ Arthroscopists must be aware of these poten- 
tial complications and avoid them by careful atten- 
tion to angle of insertion and depth of penetration 
of their TMJ arthroscopy instruments. Since TMJ 
arthroscopy is relatively new and is being per- 
formed with increasing frequency, serious otologic 
complications'from this procedure can be expected. 
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RESPIRATORY ACTIVITY OF THE ance Shana ROID MUSCLE 


OOMMEN P. MATHEW, MD FRANCA B. SANT AMBROGIO, PHD, DNSC 
GALVESTON, TEXAS | GALVESTON, TEXAS 
GAYLE E. WOODSON, MD GIUSEPPE SANT AMBROGIO, MD 


San DIECO, CALIFORNIA | | GALVESTON, TEXAS 


Single motor units of the cricothyroid muscle (CT), the contralateral CT electromyogram, and the posterior cricoarytenoid muscle 
(PCA) electromyogram were recorded in anesthetized, spontaneously breathing dogs. quiet breathing the CT was active predominantly 
in inspiration, and distinct phasic expiratory activity was observed at lighter levels of anesthesia. Both the CT and PCA increased their in- 
spiratory and expiratory activity with hypercapnia, whereas only their inspiratory activity increased in response to negative pressure 
and/or absence of volume feedback. Cold blockade of efther the recurrent laryngeal nerves or the external branch of the superior laryngeal 
nerves did not modify CT or PCA activity. In general, activity of CT motor units reflected the behavior of the whole muscle, but different 
units were recruited at different levels of CT activity. Even though the majority exhibited similar thresholds for inspiration and expiration, 
some units showed a lower threshold for either one, suggesting some degree of spectalization. However, for a few units with high threshold 
for inspiration the expiratory threshold could not be determined, since a comparable level of CT activity was not achieved in expiration. 


KEY WORDS — cricothyroid muscle, glottis, laryngeal muscles, posterior cricoarytenoid muscle, recurrent laryngeal nerve, superior 


laryngeal nerve. 


INTRODUCTION 


The role of the cricothyroid muscle (CT) in 
respiration is controversial; different authors have 
reported phasic respiratory contraction of the CT in 
inspiration, expiration, or both phases of the 
cycle.” Most of the differences observed could be 
attributed to experimental conditions, ie, level of 
anesthesia, respiratory drive, routes of breathing 
(tracheostomy versus upper airway), state of con- 
sciousness, or animal species. 


The effect of CT activity on laryngeal resistance 
has been described as dependent on concurrent pos- 
terior cricoarytenoid muscle (PCA) activity. When 
the CT contracts alone the glottis is lengthened and 
narrowed, resulting in an increase in laryngeal 
resistance. On the other hand, when the CT con- 
tracts in concert with the PCA the glottis is 
simultaneously lengthened and widened, reducing 
laryngeal resistance to a level below that produced 
by the PCA contracting alone.’ 


A phasic CT activity in inspiration and expiration 
could be due to the same motor units active in both 
phases or to two distinct populations of motor units. 
This question was addressed by Rudomin,? who on 
the basis of single muscle fiber recording described 
the presence of motor units exhibiting different 
phase relationships with respiration. However, 
since the activity of the whole CT was not recorded 
simultaneously with that of individual muscle 
fibers, the different patterns observed in individual 
units could have merely reflected changes in whole 
muscle activity. 


| 

The present study was designed to address the 
following questions. What is the phase relationship 
of CT activity to the breathing cycle? Does it fire 
only in inspiration, only in expiration, or in both 
phases? Can we alter the respiratory activity of the 
CT with respiratory-related stimuli (hypercapnia, 
volume feedback, and negative pressure in the up- 
per airway)? Is the respiratory activity of the CT 
always in phase with that of the PCAP Finally, are 
there motor! units in the CT specialized for inspira- 


r De 
tion or expiration? 





Fig 1. Schematic representation of experimental setup, 
which allows diversion of breathing from tracheostomy to 
upper airway and occlusion of airway either above or be- 
low larynı. ISin e unit activity is recorded from thin fila- 
ments of central cut end of external branch (Ext) of su- 
perior laryngeal nerve (SLN). A — side arm of tracheal 
cannula through which subglottic pressure was m 

B — side arm of tracheal cannula through which dog 
breathed during tracheostomy, Int — internal branch of 
SLN. | 
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Fig 2. Overall activity of cricothyroid muscle (CT) and 
posterior cricoarytenoid muscle (PCA) in various respira- 
tory conditions. Inspiratory (Insp) and expiratory (Exp) ac- 
tivities are expressed as percent of inspiratory activity pres- 
ent during tracheal breathing (TrBr). UABr — upper air- 
way breathing, TrOccl — tracheal occlusion, UAOccl — 
upper airway ecclusion. 


METHODS 


The studies were carried out in 15 healthy mon- 
grel dogs anesthesized with an intravenous injection 
of alpha-chloralose (0.1 g/kg) and urethane (1.0 
gkg) and placed in the supine position. The 
femoral artery and vein were cannulated for moni- 
toring blood pressure and for additional admini- 
stration of anesthetics, respectively. The larynx and 
the trachea were exposed ventrally by a midline in- 
cision. A metal cannula with two side arms was 
placed in the trachea and secured with circum- 
ferential ligatures to assure a tight seal. Subglottic 
pressure was measured by a polyethylene catheter 
connected to side arm A of the tracheal cannula 
(Fig 1). Intrathoracic pressure was measured by a 
saline-filled polyethylene catheter passed through 
the mouth to the midportion of the esophagus. A 
large polyethylene tube was inserted via the mouth 
and positioned with its tip just below the epiglottis. 
A face mask was built with epoxy to create an air- 
tight seal around the tube; thus, all air passing 
through the larynx would have to pass through this 
tube. This technique reduces and standardizes air- 
way resistance above the larynx and permits rapid 
total upper airway occlusion (UAOccl). 


In 15 dogs whole muscle electromyographic 
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Fig 3. Effect of hypercapnia on CT and PCA activity. 
Data are expressed as percent of inspiratory activity seen at 
3 minutes after onset of hypercapnia. AU — arbitrary 
units. 


(EMG) activity of both CT and PCA was measured 
using hooked-wire electrodes. The EMG activity 
was amplified and filtered with an AC-coupled pre- 
amplifier, displayed on an oscilloscope, integrated 
with a moving time averager (time constant = 100 
ms), and recorded along with upper airway, esoph- 
ageal, and blood pressures on a Gould-Brush poly- 
graph. 


In nine dogs, the activity of single motor fibers to 
the CT was recorded in addition to the whole mus- 
cle activity. The external branch of the right 
superior laryngeal nerve (SLN Ext) was transected 
near the muscle and its central cut-end was placed 
in a dissecting platform filled with mineral oil. 
With the aid of a dissecting microscope the nerve 
was desheathed and small bundles were separated. 
Individual fibers were dissected from the bundles 
and placed on a bipolar platinum electrode (Fig 1). 
Single fiber action potentials were amplified, dis- 
played on an oscilloscope, and recorded on a Gould- 
Brush electrostatic polygraph along with the con- 
tralateral CT EMG, upper airway pressure, esopha- 
geal pressure, and PCA EMG. 


The recurrent laryngeal nerves (RLNs) and the 
SLN Exts were isolated for 2 to 3 cm for blocking 
nerve conduction by cooling thermodes. Complete- 
ness of the cold block was confirmed by the disap- 
pearance of PCA or CT EMG, respectively. 


Experimental Protocol. This preparation allows 
the diversion of breathing via either the upper air- 
way or the tracheal cannula and the occlusion of the 
airway above or below the level of the larynx. 


Recordings were obtained during tracheostomy 
breathing (TrBr), upper airway breathing (UABr), 
occlusion of the trachea (TrOccl), and UAOccl. The 
occlusions were performed at end-expiration and 
maintained for one to three efforts. Sufficient time 
was allowed between occlusions for breathing pat- 
tern and EMG activity to return to baseline levels. 
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Fig 4. Bilateral cold block of recurrent laryngeal nerves (RLNs). A) Time marker i seconds, {CT EMG — integrated cricothyroid 


electromyogram, [PCA EMG — integrat 


Cold blockade of either the RLNs (n = 10) or the 
SLN Exts (n= 4) was performed’ during sponta- 
neous breathing and airway occlusions. 


The above experimental protocol was repeated in 
the experiments in which single motor unit activity 
was recorded. Additional stimulation of breathing 
was achieved by prolonged TrOccl and administra- 
tion of carbon dioxide (10% in oxygen) delivered, in 
four experiments, from a Douglas bag connected 
through a Rudolph valve to the tracheal cannula. 
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Tracheal Occlusion 


posterior cricoarytenoid electromyogram, Pes — esophageal tans in kilopascal 
(kPa). Note that reversible paralysis of PCA does not introduce any change in CT activity. B) Effect of RLN bl 
Note that peak CT activity in arbitrary units (AU) is not modified by RLN bl 


ock on CT activity. 
| ie, all values are scattered on line of identity. 


At the end of the experiment, the dogs were Killed 
painlessly by intravenous injection of anesthetics. 


Data Analysts. Peak inspiratory and expiratory 
EMG activity of the PCA and CT was measured . 
during the; four experimental conditions (TrBr, 
UABr, TrOccl, and UAOccl). Mean values for TrBr 
and UABr| were calculated by averaging three 
breaths, whereas values for TrOccl and UAOccl 
were obtained from the first occluded efforts. Data 
as percent of peak inspiratory activity 
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Fig 5. Behavior of CT motor units during four respiratory conditions indicated. Data are expressed as percent of 
total number of motor units evaluated in each condition. Units are classified as silent, active only in inspiration 
(Insp), active in both inspiration and expiration (Insp-Exp), and active only in expiration (Exp). No change is pres- 
ent when breathing is diverted from tracheostomy to upper airway, whereas during airway occlusion (especially at 
level of upper airway) more units are recruited during inspiration and expiration. 
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Fig 6. Recruitment pattern of CT motor unit during A) tracheostomy breathing, B) tracheal occlusion, C) upper air- 
way breathing, and D) upper airway occlusion. Recruitment threshold is lower in expiration (B), but unit can be 
recruited also during inspiration at higher level of CT activity (D). Time marker — seconds, AP — CT action poten- 
tials, | CT EMG — integrated electromyogram of contralateral CT muscle, Pua — upper airway pressure, Pes — 


esophageal pressure, kPa — kilopascal. 


during TrBr. Inspiratory and expiratory values dur- 
ing the four experimental conditions were com- 
pared with the nonparametric Kruskal-Wallis test. 
When this test showed a significant difference, the 
Dwass-Gabriel multiple-range test was used for 
specifie comparisons. 


Single CT motor units were classified as inspira- 
tory, expiratory, inspiratory-expiratory, or silent on 
the basis of their activity with respect to the 
breathing cycle. Esophageal pressure was used to 
Getermine the phases of the respiratory cycle. 


The level of integrated CT EMG at which SLN 
Ext motor units became active was ascertained for 
both imspiration and expiration to determine their 
recruitment threshold. 


For CO2-stimulated breathing trials, peak in- 
spiratory and expiratory values for the CT and PCA 
in arbitrary units were determined in control condi- 
tons and after 3 minutes of CO2 administration. In 
tne trials in which either the CT or PCA was para- 
lyzed, peak inspiratory values for the CT or PCA 
were obtained by averaging three breaths before 
and during RLN or SLN Ext block. Differences be- 
tween contro! and test conditions were ascertained 
with a paired t test. 


Data are presented as means+SE, and p<.05 
was considered significant. 
RESULTS 


Whole Muscle Activity. During TrBr the CT was 
active only in inspiration in six of 15 dogs, and both 


in inspiration and expiration in nine (in two the ex- 
piratory activity was greater). As the level of anes- 
thesia became lighter, CT activity appeared in expi- 
ration as well, eventually becoming predominantly 
expiratory. Supplemental doses of anesthetics abol- 
ished any expiratory activity of the CT and de- 
creased its inspiratory activity. 


Maximal increase in inspiratory CT activity was 
present during UAOccl and its peak value was sig- 
nificantly greater than that with TrBr, UABr, and 
TrOccl (Fig 2; p< .01). A smaller increase was pres- 
ent with TrOccl or when breathing was diverted 
from the tracheostomy to the upper airway (in the 
absence of any significant change in total airway re- 
sistance as indicated by esophageal pressure), but 
only the increase during TrOccl reached statistical 
significance (p< .01). 


The expiratory activity of the CT showed quali- 
tatively similar changes in the four experimental 
conditions, but none of these differences reached 
statistical significance (Fig 2). 


Similar significant increases were observed in the 
inspiratory activity of the PCA during the same 
challenges (Fig 2). As opposed to the CT, no distinct 
expiratory peak was observed in the PCA. 


During CO2-stimulated breathing both CT and 
PCA increased their inspiratory and expiratory ac- 
tivity (Fig 3; p<.01). The expiratory activity of the 
CT had a distinct phasic character, as opposed to 
the PCA, which showed a decrementing pattern 
(Fig 4). 
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Fig 7. Discharge pattern of CT motor unit during u upper 
usi 


motor unit is more active during upper airway 


on, reflecting 


airway svc Sa occlusion. Symbols as in Fig 6. This — 


ole CT activity. Note that recruitment 


threshold is similar during fnepivation ee expiration (see postocelusion breaths). 


Cold blockade of the RLNs did not significantly 
alter CT activity during TrBr and UABr (Fig 4) (in- 
spiratory activity, 5.3 + 1.0 versus 5.30.9; expira- 
tory activity, 3.441.5 versus 4.1 + 1.8). Similarly, 
blockade of the SLN Ext did not introduce any sig- 
nificant changes in the inspiratory activity of the 
PCA (17.9+6.0 versus 17.6 +6.2). 


Motor Units. Sixty-five motor units were evalu- 
ated during TrBr. The majority (n = 34) were active 
either only in inspiration (n = 15) or in both inspira- 
tion and expiration (n= 19); 31 were silent (Fig 5). 
With one exception, all the motor units studied ex- 
hibited the same behavior when breathing was 


AP 


S CT EMG 


Poa 
(kPa) 





- units and 


diverted through the upper airway (Fig 5). With 
airway occlusions, the number of motor units ac- 
tive, as well as the amount of activity, increased 
(Fig 5). F or instance, in the case of UAOccl, when 
maximal CT activity is observed, the recruitment is 
indicated by the virtual disappearance of silent 
the increased number of units active in 
both inspiration and expiration (Fig 5). 


Different motor units became active at different 
levels of CT activity (recruitment threshold). Of the 
22 units for which this determination was possible, 
ten had the same threshold for inspiration and ex- 
piration, five had a lower threshold for inspiration, 





Fig 8. Discharge pattern of CT 
motor unit recruited at high level 
of CT activity. Symbols as in Fig 
6. This high threshold motor unit 
is recruited only during upper air- 
way occlusion (B) but not during 
tracheal occlusion (A). This unit is 
recruited earlier with subsequent 
occluded efforts. 
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Fig 9. Changing pattern of dis- 
change of CT motor unit. Symbols 
as in Fig 6. A) Upper airway oc- | 
clusons. B,C) Upper airway i 
breathing. Amplification of action ae 
potentials is reduced in B and C. =~ 
Rate of discharge is higher during f PCA EMG \ \! 
insp ration in A, higher in expira- Wh 
tiomin B and C, reflecting overall 

activity of CT muscle as repre- 

sented by amplitude of its inte- 

grated EMG. Note presence of CT 

activity in expiration in absence of 

any PCA activity; this is particu- 

larly evident durimg augmented 

breath in C. 0 





SCTEMG i 


(kPa) -` 


and seven had a lower threshold for expiration. For 
ins-ance, Fig 6 illustrates an example of a CT motor 
uni with a lower threshold in expiration; this unit 
beeomes active also during inspiration, but at a 
much higher level of CT activity. Figure 7 provides 
an example of a motor unit with equal recruitment 
thresholds in inspiration and expiration. Motor 
units having a high recruitment threshold were seen 
to become active at a lower level of CT activity with 
successive efforts as the respiratory drive became 
strenger (Fig 8). 


Cricothyroid motor unit activity was at times ob- 
served in expiration in the absence of any expiratory 
act.vity in the PCA (Fig 9). 


DISCUSSION 


The results of this study show that the inspiratory 
cortraction of the CT is significantly affected by 
resdiratory-related stimuli. Tracheal occlusion, 
which removes the inhibitory influence of vagal 
volime feedback during inspiration, led to an in- 
creased inspiratory activity of both PCA and CT. 
Upover airway occlusion, which in addition to 
reraoving the inhibitory volume feedback stimu- 
lates upper airway receptors responding to negative 
pressure, resulted in a further increase in the 
actvity of these muscles. Indeed, as previously re- 
ported, the CT muscle is especially sensitive to 
negative pressure in the upper airway"? (Figs 2 and 
6). In agreement with other reports,” ''-'* hyper- 
capnia increased the inspiratory activity of both CT 
and PCA. 


as previously reported,'* the inspiratory activities 
of he CT and PCA are qualitatively similar: both 
shew an abrupt onset that precedes that of the dia- 
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phragm by a similar interval. However, their ex- 
piratory activity differs: a distinct, phasic activa- 
tion is present in the CT, whereas the PCA shows a 
gradual decline of its previous inspiratory activity. 
The expiratory activity of both PCA and CT in- 
creased significantly during hypercapnia, whereas 
no such changes were introduced when breathing 
was diverted from the tracheostomy to the upper 
airway or when the airway was occluded. In 
general, the expiratory activity of the CT appeared 
to be inversely related to the level of anesthesia. 
This is in agreement with the reports of Rudomin? 
and Sherrey and Megirian,* which indicate that the 
phase relationship of the CT muscle with respira- 
tion changes with the level of anesthesia. 


The fact that the CT can be phasically active in 
both inspiration and expiration might imply the 
presence of two separate populations of motor 
units. Indeed, previous work by Rudomin? in anes- 
thetized cats suggested the existence of different 
populations of motor fibers. He classified fibers as 
purely inspiratory, purely expiratory, predomi- 
nantly inspiratory, predominantly expiratory, and 
tonic, without any relation to respiration. He noted 
that most units fired predominantly in one phase of 
respiration, but occasionally a fiber would suddenly 
totally change its firing pattern during the period of 
recording. It is possible that the changes he noted 
within a fiber and differences between fibers could 
simply reflect fluctuations in the whole muscle ac- 
tivity, since each unit was recorded only for a few 
respiratory cycles and there was no simultaneous 
recording of whole CT activity. In the present study 
simultaneous recording of single nerve fibers with 
the contralateral CT EMG permitted a stable re- 
cording over sufficient time to assess changes in 
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whole CT activity during different experimental 
conditions and correlate them with changes in 
single fiber activity. We also recorded from the 
PCA so that the net effect of contraction on laryn- 
geal resistance could be deduced. 


Generally, the motor unit recordings reflected 
the behavior of the whole CT. When the activity of 
the whole CT increased, either in inspiration or ex- 
piration, there was a greater number of active 
motor units together with an augmentation in their 
rate of discharge. Nearly half of the motor units had 
an equal threshold of recruitment, in terms of 
whole CT activity, for inspiration and expiration. 
The rest exhibited a lower threshold for either in- 
spiration or expiration, suggesting some degree of 
specialization. Approximately one fourth of the CT 
units were active only in inspiration even during 
prolonged UAOccl (Fig 8); however, in these trials 
the level of expiratory activity of the contralateral 
CT never reached a value comparable to that of in- 
spiration. Therefore, we cannot confidently classify 
any of the motor units as purely inspiratory, or for 
that matter expiratory, but favor the concept that 
each individual motor unit is capable of being re- 
cruited in both phases. As shown in Fig 8 the re- 
cruitment threshold of a given motor unit is not 
constant, but varies with the speed of contraction, 
becoming successively lower at increasingly greater 
velocities as demonstrated for several skeletal 
muscles'® including the diaphragm. "’ 


Konrad and Rattenborg® found that laryngeal 
resistance decreased more when the PCA and CT 
were stimulated simultaneously than when the PCA 
was stimulated alone and proposed a synergistic ac- 
tion of these muscles in abducting the vocal cords. 
Our results indicate that whenever respiratory drive 
or collapsing force applied to the upper airway in- 
creases, the inspiratory activity of both PCA and 
CT increases; this, in accordance with the concept 
of Konrad and Rattenborg, would favor the paten- 
cy of the upper airway. 


When the PCA function is compromised or 


abolished, as with RLN blockage, laryngeal resis- 
tance should decrease less in inspiration; in fact, it 
might even increase if the CT were active in iso- 
lation, since this muscle would behave as an ad- 
ductor.® This expected increase in inspiratory la- 
ryngeal resistance should result in a greater col- 
lapsing pressure in the larynx, which is known to 
increase the activity of upper airway muscles'*”** in- 
cluding the CT.'° Be that as it may, the effect of 
RLN section on CT activity is not clear: exci- 
tatory*?? as well as inhibitory effects (G. E. Wood- 
son, personal observation) have been noted. Some 
of these differences presumably can be explained by 
differences in levels of anesthesia, breathing routes 
(tracheostomy versus upper airway), and chemical 
drive. 


In the present study no changes in CT activity 
were observed with RLN block during either TrBr 
or UABr (Fig 4). This is surprising considering the 
expected changes in laryngeal resistance and pres- 
sure during UABr. However, this lack of CT activa- 
tion could be attributed to the decreased responsive- 
ness of laryngeal mechanoreceptors to pressure 
changes during paralysis of the intrinsic muscles of 
the larynx.” 


What is the functional significance of the phasic 
CT activity in expiration? According to Konrad and 
Rattenborg,® laryngeal resistance should increase 
whenever the CT is active in the absence of PCA 
contraction. This could constitute an additional 
mechanism for breaking expiratory airflow and de- 
fending end-expiratory volume, as perhaps is the 
case during an augmented breath (Fig 9). However, 
a similar strategy would seem counterproductive 
when breathing is stimulated by CO2, added dead 
space, etc. Perhaps in these conditions a con- 
comitant tonic activity of the PCA changes the 
mechanical effect of CT contraction from constric- 
tion to dilatation. Indeed, a concomitant expiratory 
activation of the PCA and CT during hypercapnic 
hyperventilation was observed in the present study 
as well as in previous reports on unanesthetized 
animals.” '5 
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IMAGING CASE STUDY OF THE MONTH 


SOMATOSENSORY EVOKED POTENTIALS IN DEGENERATIVE 
CERVICAL SPINE DISEASE 
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EGBERT J. DE VRIES, MD 
MARVIN BENNETT, PHD 


PITTSBURGH, PENNSYLVANIA 


CASE REPORT 


A 77-year-old man received 6,000 rad as primary 
therapy for a superficial T2NO squamous cell carci- 
noma of the right tonsillar pillar and tongue base. 
Eighteen months later, he was referred for treat- 
ment of a recurrent carcinoma of the right side of 
the tongue. Past medical history included chronic 
obstructive pulmonary disease, diabetes, athero- 
sclerosis, amputation of the left leg below the knee, 
and neck arthritis. He consumed alcohol and smoked 
cigarettes for most of his life. 


Physical examination showed a 1.5 x 2-cm ulcera- 
tion of the right side of the tongue with adjacent in- 





filtration. There was no palpable adenopathy. 
Range of motion of the neck was markedly de- 
creased. Extremity strength and range of motion 
were normal. 


A preoperative barium swallow study showed an 
abnormal cervical spine. Further complete radio- 
graphic examination of the cervical spine demon- 
strated severe degenerative disc disease complicated 
by diffuse idiopathic skeletal hyperostosis. Anterior 
longitudinal ligament ossification fixed the spine 
from C-3 through C-7. Anterior subluxation of C-2 
on C-3 was seen in flexion. Reduction occurred with 
extension (see Figure). 


Radiographs of cervical spine in A) flexion and B) extension showing anterior subluxations of C-2 on C-3 and C-3 on C-4. 
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Neurosurgical consultation was obtained and no 
myelopathy was found. Because of the possibility 
that muscle relaxation during general anesthesia 
might cause further subluxation of the cervical 
spine and subsequent cord compression, a trache- 
otomy under local anesthesia with minimal neck ex- 
tension was recommended. Continuous monitoring 
of somatosensory evoked potentials (SSEPs) during 
general anesthesia was recommended to identify 
possible nerve injury when the neck was destabi- 
lized by muscle relaxants and moved for surgical ex- 
posure. 


A standard tracheotomy with the patient awake 
was performed. No neurologic compromise was 
noted. Then general anesthesia was administered 
and electrodes were placed. The neck was stabilized 
and a partial glossectomy was performed with con- 
tinuous monitoring of SSEPs. When the patient was 
fully awake in the recovery room, a complete 
neurologic examination yielded findings unchanged 
from those obtained preoperatively. The patient 
was discharged in good condition after recovering 
from his operation. 


DISCUSSION 


Monitoring brain stem function during neuroto- 
logic procedures with brain stem auditory evoked 
potentials is a well-established routine. Recent ad- 
vances in skull base and posterior fossa surgery have 
made the monitoring of the cranial nerves increas- 
ingly important.’ Neurosurgeons now use SSEP to 
monitor dorsal column activity during spinal cord 
operations to ensure that nerve function is not com- 
promised.? This monitoring reduces the risk of 
direct or ischemic injury to the spinal cord. A 
change in the SSEP waveform immediately alerts 
the surgeon to the possibility of neurologic damage. 


Recording equipment and monitoring parame- 
ters vary among institutions. Cortical electrodes on 
the scalp or an electrode in the spinal cord can be 
used. Gonzalez et al? compared these two methods 
and found them to be equally reliable in predicting 
neurologic damage. At our institution, cortical so- 
matosensory potentials are measured by placing 
stimulating electrodes at the wrist and at the head 
of the fibula. Recording electrodes are placed at the 
scalp C2-F2, C3-F3, and C4-F4 positions. A con- 
stant voltage square wave stimulus at 3.3 c/s is de- 
livered to the median nerve and 2.3 c/s is delivered 
to the peroneal nerve. The duration of the stimulus 
varies from 0.1 to 1.0 ms at a force of 30 to 100 V. 
Total analysis time is 100 ms, with a standard filter- 
ing of 3 to 300 c/s. 


Preservation of the peak latencies during manip- 
ulation of the spinal cord is more important than 
preservation of amplitude.* Stable SSEP waveforms 
correlate with stable nerve function and absence of 
neurologic injury. Some controversy exists on the 
role that inhalant anesthetic may have in changing 
the waveform. 5 


CONCLUSION 


In most head and neck oncologic procedures, the 
spinal column is well protected by the cervical ver- 
tebrae and the deep muscles of the neck. In patients 
such as the one presented, degeneration of the cervi- 
cal spine places the spinal cord at increased risk. 
Monitoring of SSEP serves a useful role in protect- 
ing the function of the spinal cord during proce- 
dures and during general anesthesia. Monitoring 
should be used when a potential risk to the spinal 
column is identified. Baseline preoperative record- 
ings should be obtained. 
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PATHOLOGY CONSULTATION 
MALIGNANT RHABDOID TUMOR 


JOHN G. BATSAKIS, MD 


JOHN T. MANNING, MD 


Houston, TEXAS 


Immunocytochemistry and electron microscopy have allowed more precise identification and classification of neoplasms formerly 
considered as representatives of other groups. The malignant rhabdoid tumor is one example. Principally neoplasms of the kidney, rhab- 
doid tumors present uncommonly in the head and neck, where because of the age of the patients and the neoplasms’ resemblance to rhab- 
domyosarcoma, misdiagnosis is possible and likely. Wherever it arises, the lesion is usually fatal. 


The malignant rhabdoid tumor was first described 
in 1981 as a histologically distinct renal neoplasm of 
children and was so named because of its light-optic 
resemblance to rhabdomyosarcoma.' The neoplasm 
has since been reported to arise from several ex- 
trarenal sites, including the soft tissues of the 
neck.™? Other findings sometimes associated with 
the malignant rhabdoid tumor have been unusual 
metabolic manifestations and embryonal neoplasms 
of the CNS.** Histogenesis remains obscure, except 
for the acceptance that the tumors are not of myo- 
genic origin. Regardless of the uncertainties sur- 
rounding this neoplasm, it is a clinically aggressive 
and usually fatal malignancy. 


The characteristic light-optic appearance of a 
malignant rhabdoid tumor is presented in the Fig- 
ure. The neoplasm shown was removed from the 
nasopharynx of a 4-year-old child and was at first 
considered to be a rhabdomyosarcoma. The growth 
pattern is usually diffuse, with areas of an alveolar 
or trabecular arrangement. The usually round to 
polygonal cells are poorly differentiated and at 
times are associated with elongated spindle forms. 
Individual cells contain a typically eosinophilic or 
clear cytoplasm with vesicular nuclei. Nucleoli are 
prominent, and mitoses are present. Many cells 
manifest spherical, hyalinlike masses near the nu- 
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IMMUNOREACTIVITY OF MALIGNANT 
RHABDOID TUMOR 





Antigen Immunoreaction 
Cytokeratin Positive 
Epithelial membrane antigen Positive 
Vimentin Positive 
Myoglobin Negative 
Desmin Negative 
S-100 Protein antigen Negative 
Neurofilaments Negative 
al-Antitrypsin Negative 
al-Antichymotrypsin Negative 
Carcinoembryonic antigen Positive 


cleus. Cross-striations or other suggestions of myo- 
genic differentiation are not seen. 


Ultrastructural examination further denies any 
myogenic features, with the most striking findings 
being compact intracytoplasmic aggregates of non- 
specific filaments. These aggregates correspond to 
the perinuclear hyalinlike bodies seen with the light 
microscope.’ 


The Table presents pertinent immunocytochemi- 


cal reactions exhibited by malignant rhabdoid tu- 
mors. The negative immunoreactions for myoglo- 
bin, desmin, al-antitrypsin, and al-antichymo- 
trypsin are further evidence against myogenous or 
histiocytic differentiation. Coexpression of two in- 


Malignant rhabdoid tumor A) in- 
filtrating beneath nasopharyngeal 
epithelium (H & E, original x80) 
and B) histologically simulating 
thabdomyosarcoma (H & E, origi- 
nal x180). Its cells manifest typical 
prominent nucleoli, spherical hya- 
linlike intracytoplasmic aggre- 
gates, and, in this field, alveolar 
architecture. 
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temmediate filament proteins (keratin and vimen- 
tin), although unusual, is not unique. It points to 
the presence of a low order cytoskeletal intermedi- 
ate filament of mesenchymal origin (vimentin), in 
association with more complex filaments character- 
istic of epithelial differentiation (the cytokeratins). 


To date, six of the renal rhabdoid neoplasms have 
been associated with hypercalcemia without de- 
mcnstrable metastases to bone.*® This metabolic syn- 


drome has been related to ectopic hormone produc- 
tion or mediation by tumor-derived prostaglandins. 


The malignant rhabdoid tumor, prior to immu- 
nocytochemical and ultrastructural characteriza- 
tion, was undoubtedly included among rhabdo- 
myosarcomas, other soft tissue neoplasms, and per- 
haps even lymphomas. In most instances, multi- 
modal therapy has failed to provide long-term sur- 
vival.’ 
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FUNCTIONAL ENDOSCOPIC SINUS SURGERY 
THE MESSERKLINGER TECHNIQUE 


A course entitled Functional Endoscopic Sinus Surgery — The Messerklinger Technique will be held August 31-September 2, 1989, in 
Graz, Austria. For further information, contact Prof Dr H. Stammberger, University ENT-Hospital, Auenbruggerplatz 20, A-8036 Graz, 


Austria. 
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Acute and Secretory Otitis Media 


Jacob Sadé, ed. Hard cover, illustrated, indexed, 574 pages, 
1986. Kugler Publications, Berkeley, California, $130. 


Otitis media by any other name (acute, secretory, serous otitis 
media, nonsuppurative otitis, otitis media with effusion, etc) still 
causes suffering and the possibility of detrimental sequelae in 
many children. It has not, therefore, been an unworthy area of 
concentration of several symposia and subsequent publications. 
Two of the most recent are the Proceedings of the Third Interna- 
tional Symposium: Recent Advances in Otitis Media with Effu- 
sion, published in 1983, and the subject of this review, which is 
the result of a 1985 symposium held in Israel. 


In the 95 brief, informative, and well-edited chapters, the par- 
ticipants in the Symposium on Acute and Secretory Otitis Media 
attempt to unravel the intricacies of these conditions, such as how 
to define them, their epidemiology, their bacteriologic and im- 
munologic components, their effect on developmental and educa- 
tional milestones, and their medical and surgical treatment. Al- 
though the sequelae of these conditions are their least known or 
understood aspects (especially in their effect on developmental 
and educational milestones), as might be expected, the most ex- 
haustive pursuit in this “sae is in the area of treatment. The abun- 
dant and varied (according to the investigator) data provided on 
the incidence, treatment, and sequelae of otitis media should 
make this a handy reference book for all physicians. 


Based on a review of the data available, including experimen- 
tal, the panel of this symposium has shed new insight on im- 
munologic factors and otitis media. It now appears significant 
that there are lower levels of IgG2 in “otitis-prone” children, thus 
giving them a subtle hypoimmunity. In addition, IgA, found in 
all cases of acute otitis media, may be protective. The authors on 
this subject question the wisdom of the use of prophylactic an- 
tibiotics early in the disease process on the basis that they interfere 
with the body’s normal mucosal immune response and thus set the 
stage for recurrent bouts of infection. They proceed to conclude 
that the normal immune response must be understood before it 
can be determined if the use of an antibiotic will be beneficial or 
harmful in an individual patient, since the generation of specific 
antibody (at least in children) is not promoted by repeated infec- 
tions. 


Although some of the information regarding treatment is re- 
dundant or repetitive of old ideas and could have been omitted, 
new items do surface, such as use of naproxen, a prostaglandin in- 
hibitor, in serous otitis media (noneffective); and “palisade” carti- 
lage tympanoplasty for atelectatic ears. In fact, there is more than 
a casual discussion on the subject of atelectatic ears, although lit- 
tle new information can be extracted for clinical application. 


Acute and Secretory Otitis Media will be valuable to those in 
training and to tacse who wish to review current information on 
selected aspects of this condition. Throughout the volume there 
are sagacious tidbits of clinical value. 


Dennis G. Pappas, MD 
Birmingham, Alabama 


Diseases of the Salivary Glands 


G. Seifert, A. Miehlke, J. Haubrich, and R. Chilla. Hard cov- 
er, illustrated, indexed, 393 pages, 1986. Thieme Inc, New 
York, $98. 


This book is a fine synopsis of diseases of the salivary glands, 
and an excellent reference text, even for clinicians with con- 
siderable experience in this area. There are several particularly 
impressive features of this volume: the superb quality of the 
photographs and their unobtrusive labeling, and the abundant 
large illustrations, some in color. The latter are placed in close 
proximity to the appropriate text, and are accompanied by infor- 
mative legends. Also outstanding are the lengthy and current lists 
of references that conclude most of the chapters. 
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i 
The text can be divided into five sections: first, basic science, 
second, diagnostic methods. The third section concerns the path- 
ological approach to salivary disorders in a systematic fashion. 
Surgery of the salivary glands is the last major section, and the 
volume concludes with a brief address of the medicolegal aspects 


of salivary surgery. 


Basic sciences are covered in standard fashion and investigative 
measures are reviewed. However, the diagnostic armamentarium 
presented does not include magnetic resonance imagery. In addi- 
tion, a clear, concise approach to the workup of salivary disorders 
is lacking (eg, flow charts), although one can be gleaned from the 
individual pathology chapters. 


The authors deal more specifically with the clinical diagnosis 
and classification of salivary gland diseases and tumors. Although 
some discussions may be brief, the scope is broad. Included are 
systemic diseases involving the salivary glands and the peculiari- 
ties of salivary disorders in childhood. The augmenting path- 
ological illustrations are ample, and clearly differentiate neo- 
plastic from nonneoplastic conditions. 


The surgical section covers major procedures sufficiently, with 
particular attention on protecting the facial nerve. In the discus- 
sion of facial nerve trauma, the emphasis is heavily on repair 
techniques. Excellent examples of a variety of traumatic and 
tumorous conditions that may involve the nerve from its exit at 
the stylomastoid foramen are presented. Techniques of both im- 
mediate repair and later reconstruction are described in a concise 
and definitive manner. In fact, the surgery section and the 
anatomy chapter are fine references for facial nerve management 
in and of theniselves. 


Only recently has accurate and descriptive information been 
presented on the salivary gland structures. The authors’ work in 
this respect is impeccable, and Philip M. Stell’s translation from. 
the German Is. extraordinary. Their joint efforts culminate in an 
outstanding reference book. 


i DENNIS G. Pappas, MD 
| L. CLARK SIMPSON, MD 
| Birmingham, Alabama 


Surgery of Facial Bone Fractures 


Craig A. Foster and John E. Sherman, eds. Hard cover, Illus- 
trated, indexed, 285 pages, 1986. Churchill Livingstone, New 
York, $69. ` 


This volume is not intended to provide minute details of pro- 
cedures used to repair facial bone fractures. Instead, according to 
the editors, it is intended as a concise and quick reference for stan- 
dard and advanced methods, primarily for the use of residents 
and practitioners involved in repairing these injurles. The book 
precisely accomplishes that goal. 


Its main attributes are the clarity of the written presentations, 
which makes each chapter an easy evening’s reading, and the 
liberal use of simple and functional photographic and radiograph- 
ic illustrations, Allied subspecialities (plastic surgery, head and 
neck surgery, oral surgery) interact throughout the book without 
duplication. The format for each chapter is similar: introduction 
and incidence, anatomy, assessment, treatment, complications, 
and summary. 


An excellent! presentation of a standardized method of evaluat- 
ing and treating the injury patient in the immediate posttrauma 
period is provided in the first chapter. The final chapter deals 
with injuries to specialized structures, such as the auricle, facial 
nerve, and parotid duct. All treatments are new or up to date. 


The compilation of detailed, clinically relevant information for 
each of the injured facial structures makes this volume a useful 
source of reference. 

| 


Dennis G. Pappas, MD 
Birmingham, Alabama 
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THIRTEENTH MIDWINTER SYMPOSIUM ON PRACTICAL 
SURGICAL CHALLENGES IN OTOLARYNGOLOGY 













SPONSOR: February 20-24, 1989 
N U IC Snowmass/Aspen 
College of Medicine at Chicago Colorado 
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For further information contact The University of Illinois at Chicago * Conferences and Institutes (m/c 607) 
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The Results Are In... 


An Audiometer That Works 
As Hard As You Do 


Upon power up, the GSI 10 initializes 
to the tone mode for AC or BC testing. 
Test parameters are clearly displayed 
on the upper panel LCD and LED in- 
dicators. Select the test type and the 
appropriate stimuli are automatically 
chosen, with alternatives available. A 
single pushbutton allows selection of 
transducers and flexible routing for 
both channels. 


A Proven Track Record 
The time-tested GSI 10 is the aristocrat 
of microprocessor-based audiometers. 


Its quality. flexibility and comprehensive 


range of test capabilities has earned it 
this reputation. 


Human Engineered For Ease 
Of Operation 

Pushbutton convenience allows the 
rapid selection of test parameters and 
facilitates test execution. Attenuator 
dials and tone bars are right at your 
fingertips, giving you complete control. 
COR buttons are located on the front 
panel, within easy reach. Flashing HL 
indicators notify the user when upper 
and lower limits of a transducer have 
been reached. Calibration is maintained 
by computer memory. 


Unparalleled Testing 

Capabilities 

e Masking Level Difference (MLD) 

è Tone and masking intensity tracking 

è Dual Frequency for MLB tests 

e A timer for tone decay testing and 
counter for SISI & speech 

è Speaker/Phone selection for hearing 
aid evaluation 
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e Auxiliary 
intercom 
for test room 
assistant 

e Auto HL utilizing 
Hughson-Westlake procedure 

e Talk forward/Talkback 
communications 

e External input and output 


Bekesy Option — Adds More 

Capabilities 

e Forward or reverse sweep frequency 

e Frequency range 125 Hz - 12,000 Hz 

e Fixed frequency and tone decay 
Bekesy tracings 

e Tinnitus matching via sweep 
frequency 


Remote Option — As Flexible 
As Your Imagination 

Remote allows bidirectional computer 
interface for data transfer (format and 


Grason-Stadler, Inc. 

537 Great Road 

Littleton, MA 01460-1208 
Tel. (617) 486-3514 
TWX: 710/347-6892 


There’s No Substitute 
For The Best 


Grason-Stadler 


The GSI 10 Is a“TEN 


storage). Generate your own 
program for patient data management 
or customized audiometric testing — 
programmable frequencies and signal 
on/off times. 


Top Credentials 

For years Grason-Stadler has built in- 
struments with great diagnostic capa- 
bility and unfailing reliability. The GSI 
10 microprocessor-based audiometer 
is our most powerful. 


Don't settle for anything less! 


Please return this coupon to: 


Grason-Stadler, Inc., Dept. B 
537 Great Road, P.O. Box 1400 
Littleton, MA 01460 


Name: 


Address: 





Telephone: 
C] Please send me the GSI 10 brochure. 


L] Please arrange a demonstration. 
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For the most illuminating material 
available on the care of the voice... 


The Voice Foundation 
PUBLICATIONS 


SYMPOSIUM TRANSCRIPTS 





From the proceedings of the 11th Symposium: 
Care of tne Professional Voice held in 1982 to the 
14th Symposium held in 1985, transcripts of each 
symposium are published in two volumes: one 
volume contains the Scientific Papers presented at 
the symposium, the second volume contains the 
pedagogic and medical material. 

Available in sets or individually. 

Symposium proceedings from 1986 are published 
in the official journal publication of The Voice 
Foundation, Journal of Voice, available from 
Raven Press, 1185 Avenue of the Americas, 

New York, NY 10036. Published quarterly. 
Subscription price: 

Individuals — $64.00 (U.S.) $76.00 (Non-U.S.) 
Institutions — $77.00 (U.S.) $89.00 (Non-U.S.) 
Single copy — $23.00 


OTHER PUBLICATIONS 


Spastic Dysphonia: State of the Art 1984 
Edited by George A. Gates, M.D. 


Transcripts of Panel Discussion, International 
Symposium on the Larynx, University of California, 
School of Medicine, San Francisco, California. 
42pp. Softbound $15.00 U.S. 


AUDIO VISUAL CASSETTES 


From Vocal Cord Vibration by Minoru Hirano, 
M.D. to Basic Concepts Pertaining to Voice 
Disorders by G. Paul Moore, Ph.D. The Voice 
Foundation offers an impressive selection of audio 
visual cassettes that cover a variety of voice-related 
topics. Available in 3 sizes: #4" U-Matic, "VHS & 
v" Beta. All sizes in NTSC and PAL-SECAM format. 


— NEW! — 





Performers and Voice Fatigue 
by Jean Abitbol, M.D. 

A didactic physiological presentation on vocal 
fold mechanisms relating to medical problems of 
chronic vocal fatigue especially affecting per- 
formers. 25 minutes color and sound $65.00 U.S. 
(NTSC) $125.00 U.S. (PAL-SECAM) 

Diversity of the Normal Larynx 

by Janina Casper, Ph.D., Raymond H. Colton, 
Ph.D., David W. Brewer, M.D. 

20 minutes $65.00 U.S. 


For more detailed information on publications and 
audio visual cassettes available from The Voice 
Foundation, please write: 








The Voice Foundation 
40 West 57th Street, Rm. 300 
New York, NY 10019 
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REGIONAL 
MEDICAL 
GROUP 


OTOLARYNGOLOGIST 


Busy, growing 37-doctor multispecialty group 
in southern Minnesota needs a dynamic 
BC/BE physician for a professionally challeng- 
ing, full-time staff position. Practice does not 
include HMO. FFS with minimal PPO. All 
physicians in our community are part of our 
group. Beautiful lakes, excellent schools, and 
culture. Excellent salary and benefits. Com- 
munity size: 20,000. Service area: 60,000. 


Send CV and references to: 
Administrator 
Albert Lea Regional Medical Group, PA 
1602 Fountain Street 
Albert Lea, MN 56007 
or call collect (507) 373-8251 
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re] TROVER 
CLINIC 


OTOLARYNGOLOGIST 


Immediate opening for qualified otolaryngologist in 
a newly established affiliate clinic of a large mul- 
tispecialty group in western Kentucky. Competitive 
salary and attractive benefits package including 
malpractice insurance. Partnership eligibility in two 
years and no buy-in is required. Our state of the art 
medical facility offers medical school teaching af- 
filiation as well as clinical research opportunities. 





Large lakes nearby offer excellent recreational op- 
portunities, and metropolitan areas are easily acces- 
sible. Community is family-oriented, with relaxed 
life-style not available in large cities. 


Send curriculum vitae to: 
Medical Director 
Trover Clinic 
Clinic Drive 
Madisonville, KY 42431 
Phone (502) 825-7470 
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NEEDLE-FREE INJECTOR 


Wili make your job easier! 


iets face it...Patients hate needles! That’s why MEC offers you and your patients a 

ethod of reducing fear and trauma associated with traditional needle and S. (= 
injections. The MadaJet XL delivers anaesthetics and other medicaments safely 
and efficiently without a needle. Interchangeable Extenda Tips® come in various 
lengths (34° to 6/2") and fit through any standard laryngoscope, otoscope or 


; = speculum. For more information call us TOLL-FREE at: | p 
, Mada 


Equipment L -800-332-MADA 
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is available in 
microform. 






University Microfilms 
International reproduces this publication 

in microform: microfiche and 16mm or 35mm film. 
For information about this publication or any of the 
more than 13,000 titles we offer, complete and mail 
the coupon to: University Microfilms International, 
300 N. Zeeb Road, Ann Arbor, MI 48106. Call us 
toll-free for an immediate response: 800-521-3044. 
Or call collect in Michigan, Alaska and Hawaii: 
313-761-4700. 
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OTOLARYNGOLOGIST 


SAN FRANCISCO 
BAY AREA 






A full-time position is available at the Kaiser 
Permanente Medical Center in Oakland, Cali- 
fornia. The position involves an active clinical 
and surgical practice, resident and medical 
student teaching, and clinical research oppor- 
tunities. The position offers a competitive 
salary and outstanding benefits. It requires 
Board-certification/eligibility and a Califor- 
nia license. 










Contact: 


Raymond L. Hilsinger, Jr, MD 
Department of Otolaryngology 
Kaiser Permanente Medical Center 
280 West MacArthur Blvd 
Oakland, CA 94611 
(415) 596-6402 









ACADEMIC POSITION 
IN 
OTOLARYNGOLOGY — 
HEAD AND NECK 
SURGERY 


Assistant professor/instructor-level position 
available at the Mountain Home Veterans Ad- 
ministration Medical Center and Quillen- 
Dishner College of Medicine at East Tennessee 
State University. Applicant must be Board- 
certified/eligible and must have documented 
teaching and clinical practice ability. Proven 
academic productivity is essential. 













Send application with a current 
curriculum vitae to: 


Louis Modica, MD 
112 D, Department of Surgery 
Veterans Administration Medical Center 
Mountain Home, TN 37684 


ETSU is an affirmative action/equal opportunity employ- 
er. Women and minorities are encouraged to apply. ETSU 
employs only US citizens and aliens authorized to work in 
the United States. Review of applications will begin imme- 
diately and continue until the position is filled. 














Entex LA 
PHENYLPROPANOLAMINE HCI 75mg 
GUAIFENESIN 400 mg 








Entex 
LIQUID 


Each 5 ml (one teaspoonful) contains 

PHENYLEPHRINE HYDROCHLORIDE 5mg 
PHENYLPROPANOLAMINE HYDROCHLORIDE 20 mg 
GUAIFENESIN 100 mg 
ALCOHOL 5% 


Before prescribing or administering, 
see package circular for full product information. 
The following is a brief summary. 





INDICATIONS AND USAGE: Entex is indicated tor the symptomatic relief 
Of sinusitis, bronchitis, pharyngitis, and coryza when these conditions are 
associated with nasal congestion and viscous mucus in the lower respiratory 
tract 

CONTRAINDICATIONS: Entex is contraindicated in individuals with 
known hypersensitivity to sympathomimetics. severe hypertension, or in 
patients receiving monoamine oxidase inhibitors 

WARNINGS: Sympathomimetic amines should be used with caution in 
patients with hypertension, diabetes mellitus, heart disease. peripheral vas- 
cular disease, increased intraocular pressure hyperthyroidism. or prostatic 
hypertrophy 

PRECAUTIONS: Information for Patients: Do not crush or chew 
Entex LA tablets prior to swallowing 

Drug Interactions: Entex should not be used in patients taking monoamine 
Oxidase inhibitors or other sympathomimetics 

Drug/Laboratory Test Interactions: Guaifenesin has been reported to 
interfere with clinical laboratory determinations ot urinary 5-hydroxyindole- 
acetic acid (5-HIAA) and urinary vanillylmandelic acid (VMA) 

Pregnancy: Pregnancy Category C. Animal reproduction studies have not 
been conducted with Entex. It is also not known whether Entex can cause fetal 
harm when administered to a pregnant woman or can affect reproduction 
Capacity Entex should be given to a pregnant woman only if clearly needed 
Nursing Mothers: It is nct known whether the drugs in Entex are excreted in 
human milk. Because many drugs are excreted in human milk and because of 
the potential for serious adverse reactions in Nursing infants, a decision 
should be made whether to discontinue nursing or to discontinue the 
product, taking into account the importance of the drug to the mother 
Pediatric Use: Entex LA: Safety and effectiveness of Entex LA tablets in 
children below the age of 6 have not been established 

Entex Liquid: Safety and effectiveness of Entex Liquid in children below the 
age of 2 have not been established 

ADVERSE REACTIONS: Possible adverse reactions include nervousness 
insomnia, restlessness, headache, nausea. or gastric irritation These reac- 
tions seldom, if ever, require discontinuation of therapy Urinary retention 
May occur in patients with prostatic hypertrophy 

OVERDOSAGE: The treatment of overdosage should provide symptomatic 
and supportive care If the amount ingested ıs considered dangerous or 
excessive, induce vomiting with ipecac syrup unless the patient is convuls- 
ing, comatose, or has lost the gag reflex, in which case perform gastric lavage 
using 4 large-bore tube. If indicated, follow with activated charcoal and a 
saline cathartic. Since the effects of Entex may last up to 12 hours. treatment 
should be continued for at least that length of time 

DOSAGE AND ADMINISTRATION: Entex LA: Adults and children 12 
years of age and older — one tablet twice daily (every 12 hours), children 6 to 
under 12 years — one-ha't (1⁄2) tablet twice daily (every 12 hours) Entex LA 
IS NOL recommended for children under 6 years of age. Tablets may be broken 
in halt for ease of administration without affecting release of medication but 
should not be crushed or chewed prior to swallowing 

Entex Liquid: Ali dosage should be administered four times daily (every 


6 hours) 

Children: 

2 to under 4 years V2 teaspoontul (2 5 ml) 
4 to under 6 years 1 teaspoonful (5 0 ml) 
6 to under 12 years 11⁄2 teaspoontuls (7 5 ml) 


Adults and children 12 years of age and older: 

2 teaspoontuls (10.0 ml) 

HOW SUPPLIED: Entex LA is available as an orange, scored tablet coded 
with “ENTEX LA” on one side and "0149 0436" on the scored side Entex 
Liquid is available as ar orange-colored, pleasant-tasting liquid 

Entex LA 

NDC 0149-0436-01 bottie of 100 

NDC 0149-0436-05 bottle of 500 

Entex Liquid 

NDC 0149-0414-16 16 FL OZ (1 Pint) bottle 

CAUTION: Federal law prohibits dispensing without prescription 

REVISED JULY 1988 (Entex LA) 

REVISED SEPTEMBER 1985 (Entex Liquid) 


LQ-BS5/LA-BS10 


Norwich Eaton 


Norwich Eaton Pharmaceuticals. Inc 
Norwich, New York 13815-0231 
A Procter & Gamble Company 
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When a cold progresses to sinusitis, there’s one 
sure way patients can make matters even worse: 
drying antihistamines. In sinusitis, “Antihista- 
mines are not helpful and should not be used since 
they interfere with cilial function and lead to further 
mucous inspissation, unless an allergic etiology is 
certain.”' “Supportive therapy to reduce intranasal 


Entex LA Er 


PHENYLPROPANGLAMINE HCI 75 mg 
GUAIFENES 400 
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What antihistamines 
“gan do to sinusitis is a 
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edema and to promote sinus drainage and aeration 
includes...oral decongestants.” 

Good thing there’s ENTEX". Exactly what sinusitis 
and bronchitis patients need: A decongestant — so 
breathing is easy again. A moisturizing expectorant 
—so tight chests can feel normal again. No 
antihistamines — so there’s no drying or drowsiness. 


IN -A SPECIAL BASE TO PROVIDE A PROLONG ED GUAIFE 


THERAPEUTIC EFF 


Decongestion and uiia hout drying or drowsiness. 


Reference: 
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Please see next page for brief summary of prescribing information 
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